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1. Onpenenenne U OCHOBHBIE OCODEHHOCTH OIEPAIHOHHBIX cucTeM peasbaoro Bpemenn (OCPB)

IIpeaucnosue

Hacrositiiee mocobue mpeacTapisier coO0il BBEIEHNE B ONEPAIMOHHBIE CUCTEMbI PEAJIHLHOIO Bpe-
menu (OCPB). OnuceiBarorcst ux Ha3HAYEHNE, C(DEPbI IPUMEHEHNs, TJIaBHbIE OCOOEHHOCTH U IIPUH-
MBI BHYTPEHHErO yCTPOicTBaA. PaccMaTpuBalOTCs OCHOBHBIE BO3HUKAIOIIUE 33391 U METOIbI X
paspemenusi. [IpuBogsircst meckosbko craggapros va OCPB, a rakke onuceiBatorcs bosee necs-
tu koukperHbix OCPB paszubix npoussogureseii. B nocobun jan rak:ke 0630p OCHOBHBIX AIIIIa-
parsabix komnonent u ux Biausinue Ha OCPB. Paccmarpusarorcest npoueccopst cemeiicrs Motorola
68xxx, Intel 80x86, PowerPC, SPARC, Intel 80960, ARM, Ha KOTOPBIX MMOCTPOEHO TTOIABJISIONIEE
GOJILINMHCTBO MPOMBIILIEHHBIX KOMIBIOTEPOB, KOHTPOJLIEPOB M BCTPAMBAEMBIX CHUCTEM, a TAKIKE
apxurexTypbl mud VME u PCI, urparommx fOMUHUDYIOILYIO POJIb B TOJOOHBIX CHCTEMAaX.

1. OnpeneneHne U OCHOBHBIE OCOOEHHOCTH OIIEPAITMOHHBIX
cucrem peasbHoro spemenu (OCPB)

B srom paszesie Mbl BBeJeM mOHsTHE “OnepanuoHHOi cuctembl peaabHoro Bpemenn” (OCPB)
u paccmorpuM ocHoBHBIe oTransi OCPB or apyrux onepanuoHHBIX CUCTEM.

1.1. OmnpeneneHne onepanuoOHHbIX cucTeM peanabHoro spemenn (OCPB)

CyuecTByer HECKOIBKO onpenesenuii cucreM peasbHOro Bpemenu (OCPB) (real time operating
systems (RTOS)), 601bmMUHCTBO U3 KOTOPBIX IPOTUBOPEYUT APYT APYrY. Mbl npuBeieM HECKOIBKO
U3 HUX, ‘{TO6I)I OIPOAEMOHCTPUPOBATL PA3JIMYHBIC B3IVIAObl Ha HA3HAYCHHUE W OCHOBHBIC 3aJa49U

OCPB.

1. Cucremoii peaJibHOrO BPEMEHU HA3bIBAETCS CUCTEMA, B KOTOPON YCIEITHOCTH PAbOTHI JIH0-
60if MPOrpaMMbl 3aBUCAT HE TOJIBKO OT €€ JIOTMYECKOH NPABHJILHOCTH, HO OT BPEMEHH, 33
KOTOPOE OHA MOJIy4uJIa Pe3y/bTaT. Ky BPEMEHHBIE OrPAHWYEHUs He yIOBJIETBOPEHbBI, TO
dukcupyercsi c60it B paboTe CUCTEMBI.

Takum 06pa3oM, BpeMeHHEIe OrPaHNYeHNUs] JOJKHBI ObITh TAPAHTHPOBAHHO YAOBJIETBOPEHBI.
D10 Tpebyer Or cucrembl ObITH HIPEACKA3YEeMOH, T.e. BHE 3aBUCUMOCTH OT CBOEI'O TEKYIIEro
COCTOSIHUSI ¥ 3aI'PY?KEHHOCTH BBbIIABATH HYXKHbIN pe3ysbrar 3a Tpedyemoe Bpemsi. [Ipu arom
JKeJIaTesIbHO, YT0DBI cucTreMa 00ecrevnBasia Kak MOXKHO OOJIBbIINH NPOLEHT MCIIOJIb30BAHMSE
MMEIOIIUXCS PECYPCOB.

Xopommum npumepom 3amaum, rae tpedyercs OCPB, sBasiercst ynpasnenue poborom, Ge-
pyIIUM JeTajib C JIEHThI KOHBelepa. Jlerajb IBUKeTCsi, ¥ POOOT MMeeT JIMIIb MAJIEHHBKOE
BpeMeHHGE OKHO, KOI/1a OH MOKET ee B3:Tbh. Ecam OH omo3gaer, To geraib yke He OyIer Ha
HYXKHOM y4JaCTKe KOHBeiiepa, U, CJIeI0BaTeIbHO, paboTa, He OyIer ¢lieiana, HeCMOTPsT Ha TO,
4uT0 pobOT HAXOIUTCS B MPABUIBHOM MecTe. KCau OH MO3UIMOHUDPYETCS PAHbINE, TO JETANb
€Ille He YCIeeT MOAbeXaTh, U OH 3a0JIOKUPYET eif My Th.

Jpyrum npumMepoM MOXKeT ObITh CaMOoJIeT, Haxoasiuiicst Ha apronusiore. CeHCOpHbIE CEPBO-
JATYUKY JIO/2KHBI IIOCTOSIHHO II€PEIABATH B YIIPABJIAIONINI KOMIIBIOTED PE3YJIbTATHI H3MepPe-
uuii. Eciiun pesysbrar Kakoro-mmbo u3mepenust Oyaer mpomyIneH, TO 3TO MOXKET MPUBECTH K
HEJIOIYCTAMOMY HECOOTBETCTBUIO MEXKIYy PEATbHBIM COCTOSIHIEM CHCTEM CaMOoJieTa U WHPOP-
Maluell 0 HeM B YIPABJIAIOLIEH IpOrpaMMe.

Wuorpa paznuyaror “cusnbuoe” (“hard”) u “ciiaboe” (“soft”) rpeboBanue peanbHOrO BDEMEHH.
Ecnu 3anma3apBanue mporpaMMbl NPUBOIAUT K IIOJIHOMY HAPYIIEHHIO PAOOTHI YIIPABJISEMON
CHCTEMBI, TO TOBOPST O “cuibHOM”’ peajbHOM Bpemenu. Ecu ke 3T0 BeZeT TOJIbKO K IOTEPe
MIPOM3BOIUTEHLHOCTH, TO TOBOPST O “‘ci1aboM” peasibHOM BpeMeHu. BOJIbIINHCTBO IPOrpaMm-
HOro obecreyeHnsi OpUEHTUPOBAHO HA “ciiaboe” peasibHOE BpeMmsi, a 3aia4a xopoeiit OCPB —
obecrieynTh ypOBEHb 6€301aCHOr0 (DYHKIMOHUPOBAHUSI CUCTEMBIL, JIAXKe €CJIIU YIPABJISIONIAs
MPOrpaMMa HUKOTJIA He 3aKOHYHUT CBOEH paboThI.



1. Onpenenenne U OCHOBHBIE OCODEHHOCTH OIEPAIHOHHBIX cucTeM peasbaoro Bpemenn (OCPB)

2.

Cranmapr POSIX 1003.1 onpenensier OCPB ciemyromum obpasom: “PeasibHoe Bpemsi B
OMEPAIMOHHBIX CUCTEMAX — ITO CIIOCOOHOCTh ONEPAIIMOHHON CUCTEMBI 00ECTIEIUTD TPEOYEMBIi
YPOBEHBb CEPBUCA B 33/IaHHBIN IPOMEXKYTOK BPEMEHU' .

Wuorga cucremamu peajibHOrO BPEMEHM HA3bIBAIOT CUCTEMBI MOCTOSIHHON rOTOBHOCTH (ON-
line cucrembr), niam “UHTEPAKTUBHBIE CHCTEMBI C JOCTATOIHBIM BpemeHeM peakmun’. OObraHOo
9TO AEJIAOT 10 MAPKETUHIOBBIM COO0OparkeHusiM. /1efiCTBUTENBHO, €C/IM MHTEPAKTUBHYO IIPO-
rpaMMy HA3bIBAIOT PADOTAOIIEH B “peasibHOM BPEMEHH , TO TO IPOCTO O3HAYAET YTO OHA,
ycneBaeT 00pabaThIBATH 3aIPOCHL OT YEJIOBEKA, JJIsi KOTOPOTO 33/IEPKKA B COTHU MUJLIHCE-
KYHJI JayKe He3aMeTHA.

WNuorpa nousitre “cucreMa peajbHOrO BpeMeHU OTOXKIECTBIISIIOT ¢ “ObIicTpasi cucTeMa’. 910
He Bcerga mpaBuibHO. Bpems 3ajgepxkku peakiuun OCPB Ha coObITHe HE TaK YK BaXKHO
(oHO MOXKeT JOCTUraTh HECKOJBKUX CeKyH). [1aBHOe, 9To0bI 3T0 BpeMsi ObLIO JOCTATOIHO
JUIsl PACCMATPUBAEMOrO IPUJIOXKEHUSI U rapaHTHPOBaHHO. Q4YeHb 4acTO aJrOPUTM C TapaH-
TUPOBAHHBLIM BpeMeHeM paborTbl MeHee 3(hPEKTUBEH, 4eM aIrOpUTM, TAKMM CBOMCTBOM HE
obmanarommii. Hanpumep, anropurm “Goictpoii” copruposku (quicksort) B cpemmem pabora-
€T 3HAUYUTEJILHO OBICTPEE MHOTHX JAPYTUX AJITOPUTMOB COPTUPOBKHU, HO €r0 TapaHTUPOBAHHAS
OIIEHKA, CJIOYKHOCTH 3HAUUTEJBHO XyiKe.

Bo muormx Baxubix cdepax npuwiokenus OCPB BBogsiT cBou moHsiTUs “DEATIBHOTO BpPe-
menn”. Hanpumep, nponecc uudposoit obpaborku curnana (digital signal processing, DSP)
HA3BIBAIOT UAYIIMM B “DEabHOM BPEMEHHU , eCy aHanm3 (Ipu BBOJE) u/uiu resepanus (mpu
BBIBOJIE) JIAHHBIX MOXKET OBITH MPOBEJEH 33 TO K€ BPEMsl, YTO U AHAJIWM3 U/WJIM TeHEePaIus
Tex Ke JAaHHBIX 0e3 nudpoBoil 06pabOTKU CUTHAJIA.

Hamnpuwmep, ecau npu obpaborke ayauo mauubix Tpedyercs 2.01 cekywup s amanauza 2.00
CEeKyHJI 3ByKa, TO 9TO He MPOIECC pPeasbHOro Bpemenu. Ecm ke tpebdyercst 1.99 cekyH, TO
9TO MPOIECC PEATHHOIO BPEMEHH.

1.2. TunuyHbIle BpEMEHA PEAKINMA HA BHEIIHWE COOBITHS B yIpaBJse-

mbeix OCPB mnporneccax

Corsacuo onpenenenuto, OCPB nomxkua “obecnednts TpeOyeMblii yPOBEHb CEPBUCA B 331aH-
HBIM TPOMEKYTOK BpeMeHN IDTOT NMPOMEXKYTOK BPEMEHM OOBIMHO 33/1aeTCS MEPUOAUYHOCTHIO U
CKOPOCTBIO TIPOIECCOB, KOTOPHIMU YIPABJISIET CUCTeMA. [Ipubin3nTepHoe BpeMst peakiiy B 3aBy-
cumoctu ot obsactu npumenennsi OCPB Mmoxker ObIThH ciienyommm:

MaTeMaTU4IeCKOoe MOJEIUPOBAHNE — HECKOJIBKO MUKPOCEKYH[,
PaIuOIOKALINAS — HECKOJIbKO MUJLJINCEKYH]],
CKJIQJICKO# ydeT — HECKOJIbKO CEKYHJ
TOPTOBBIE ONEPAINU — HECKOJIbKO MUHYT
yIIpaBJeHUEe TPOU3BOICTBOM — HECKOJIbKO MUHYT
XUMHWYIECKUE PEAKINU — HECKOJIbKO 9acoB

BI/I,Z[HO, Y9TO BPEMEHA OYE€HDb PA3HATCA U HAKJIAABIBAKOT PA3JIUYIHBIC Tpe60BaHHH Ha BbIYUCJIN-
TEJIbHYI0 YCTaHOBKY, Ha KOoTopoil paboraer OCPB.

1.

B 3aBucuMoOcTH OT CIJIOKHOCTH TIPOIPAMMBI YIPaBIEHUS “‘peajbHOE BpeMst’ HAKJIAIbIBAET
PAa3/IMYHbBIE YCAOBUS HA BBIYUCIUTEIbHYIO MOIIHOCTHL npoueccopa misi OCPB.

. Buemnne coObITHsI CTAHOBSITCS U3BECTHBI CUCTEME MOCPEICTBOM npepbiBanuii (interrupt re-

quests (IRQ)) (T.e. 3anpocoB HA 00Ty KUBAHKE CO CTOPOHBI BHEITHUX yCTPOHCTB). [TosTomy
zagacryio misi OCPB 6osee BarkHa He MOIIHOCTD MPOLECCOPA, 4 XAPAKTEPUCTUKHA KOMITBIO-
Tepa, CBI3aHHBIE C MTOACUCTEMOM NpephIBaHnil. 2KeraTebHBIME SBJISIOTCS

— HAJIWYME KAK MOXKHO Oombmiero xkommdecrsa yposreil npepeisanmii (IRQ levels) (r.e.
ANMapaTHOTO WM /¥ MPOrPAMMHOTO JIEKOMPOBAHNS HCTOIHHUKA 3aIPOCA);



1.3. Ocuosubre obmacru npumenenus OCPB

— KaK MOYKHO MEHBINEe BPEeMsl PEAKINH HA TPEPHIBHAE (T.€. KAK MOYKHO MEHBITEE BPeMst
MeXKy TOCTYILIEHHEM 3aIIpoca Ha 00CIyKUBAaHUE U HAYAJIOM BBITIOJHEHUS OOCTy KUBa-
OIEeil TPOrpaMMBbl).

3. OCPB uacTo cama sIBJISIETCS WHUIMATOPOM MEPUOIUYECKUX MPOIECCOB, KOTOPHIMU YIIPAB-
sser (HanpuMmep, IBUKEHUEM [PeCcca Wi Jiyda pagapa). [losromy siisiercs HeoOXOAUMbBIM
HAJIMYHE OJJHOTO WM HECKOJIBbKUX TANMEpPOB (ANNAPATHBIX YCTPOKCTE, BHIAAIOIIMX IPEPHIBA~
HEE 4Yepe3 33JaHHBIE TPOMEXKYTKH BPEMEHH), KOTOPbIE MOTYT DAabOTATH B MNEPUOIAMIECKOM
WU JKOYIIEM PeXKHME.

1.3. OcuoBuble ob6aacTu npumenenus OCPB

B Tedenue qmmresbHOro Bpemenu ocHoBHbIMU noTpebuTessivu OCPB Obuin BoeHHAST U KOCMHU-
ugeckasi obactu. Ceiiuac curyanus KapauHaibao uaMenuaach 1 OCPB M0XHO BCTpeTuTh Jaxke B
TOBapax MUPOro NOTPpedsIeHus.

Ocnosuble obnactu npumenenust OCPB:

¢ BoeHHada m KocMu4yeckasi objacTu: 60pTOBO€ " BCTPpauBaeMoe O60py,ZLOBaHI/Ie:

— CHUCTEMBI U3MEpPeHUsd U yIPaBJEHUd, PaJaphl;
— 1MdPOBBIE BUAEOCUCTEMBI, CUMYJISTODHI;

— PakKeThbl, CUCTEMBI OIIpEOCJICHUA IIOJIOZKECHUA U IIPUBA3KU K MECTHOCTH.
L] HpOMI)I]J_IJ'IeHHOCTbZ

— aBTOMATHYECKHUe CUCTeMBI yrpasJenus mpou3soacrBom (ACVII) (computer-aided man-

ufacturing (CAM)), aBTOMATHIECKHE CHCTEMBI YIPABJIEHHS TEXHOIOIMIECKAM IIPOLIEC-
com (ACYTII);

— aBTOMOOHJIECTDOEHHE: CUMYJISITOPbI, CUCTEMbI YIIPABJIEHUS] MOTOPOM, ABTOMATUYECKOE
ClEILIEHNE, CUCTEMbI aHTUOJIOKUPOBKY KOJIEC. . .

— 3Hepreruka: cOop wHMOpPMaINY, yIPABJIEHNE JAHHBIMA U 000PYIOBAHUEM. . .

— TEJEKOMMYHHKAIMH: KOMMYHUKAIIMOHHOE 000PYIOBAHUE, CETEBBIE KOMMYTATOPHI, TEJIE-
OHHBIE CTAHLIWN. . .

— BaHKOBCKOE 000pymoBaHue (HanmpuMep, BO MHOTuX Oankomarax paboraer OCPB QNX).

e ToBapbI NIMPOKOTO MOTPEDIICHUS:

— MobmiIbHBIE TesnedOHBI, HampuMmep, B Teaedonax crapgapra GSM paboraer OCPB
pSOS;

— nudpPOBBIE TEJICBU3MOHHBIE JEKOIEPHI;
— uudpoBoe TeseBuaeHre (MyIbTUMENNA, BUIEOCEPBEDPHIL. . . );

— KOMObIOTEpHOE m OducHOe 060pymoBaHMe (MPUHTEPHI, KONWPHBI), HAIPUMEP, B (ak-
cax npumensiercss OCPB VxWorks, B ycrpoiicrBax urenus komnakr-auckos — OCPB
VRTX32.

Ormernm, yro yacro OCPB cymecTByoT B HECKOJIBKMX BAPUAHTAX: [TOJHOM U COKPAIEHHOM,
KOIZja 00'beM CHCTEMBI COCTABJISIET HECKOIBKO KHJIODANTOB.



1. Onpenenenne U OCHOBHBIE OCODEHHOCTH OIEPAIHOHHBIX cucTeM peasbaoro Bpemenn (OCPB)

1.4. OcobGenHocTu obopyaoBaHus, Ha KoTopoM paborator OCPB

Borauciurenbubie yCTaHOBKH, Ha KOTOPBIX mpuMeHsiiorcst OCPB, MOXHO yCI0BHO pa3meauTsb
HA, TPH CPYIIBL.

1. “O6brunbIe” KOMIBIOTEPHI. 110 JIOTHYECKOMY YCTPONUCTBY COBIAAAIOT C HACTOJBHBIMU CUCTE-
MaMu. AnnaparHoe yCTPOHRCTBO HECKOILKO OTian4aercs. Jlns obecnedeHus MUHUMAJIBLHOIO
BPEMEHHU IIPOCTOsi B CJIy9ae TEXHWIEKOH HeNmOJAIKKM MPOUECCOP, MAMSTHh M T.J. Pa3Mere-
HBI HA CbEMHOM I1J1aTe, BCTABJISEMON B CIEIUAJIbHBIA PA3bEM TaK HA3LIBAEMON “ImaccuBHOML’
OCHOBHOI TJIaTHI. B 1pyrue pasbeMbl 3TOM IIAThI BCTABJISIOTCS TIJIATH MEPUQEPUAHBIX KOH-
TPOJIIEPOB U pyroe obopymoBarre. CaM KOMIOBIOTED MOMEIAETCS] B CHENUAIBHBIN KOPITYC,
00eCceynBaOIMA 3aUTy OT NBLIM ¥ MEXAHUYECKUX NOBpexIeHuil. B kayecrBe MOHUTO-
POB 9aCTO MCHIOJIB3YIOTCS KUAKOKPUCTATUIECKUE JUCILIEN, UHOTIA, ¢ CEHCOYYBCTBUTEIBHBIM
MMOKPBITUEM.

Tlo sKOHOMMYECKHM MPUYUHAM CPEIU MPOIECCOPOB ITUX KOMIIBIOTEPOB IOMUHUPYET CeMeii-
cTBO Intel 80x86.

Tlogo0HBbIE BBIYUCIUTEBHBIE CUCTEMBI OOBIYHO HE HUCIOJIL3YIOTCS Jjis HEmOCPEeICTBEHHOTO
YIIPABJIEHKS [IPOMBIIIJIEHHBIM WJIM WHBIM 000pynoBanueM. OHY B OCHOBHOM CJIy2KAT KAaK Tep-
MMHAJIBI I B3AMMOJEACTBHSA C IPOMbIIIIEHHBIMUA KOMIIBIOTEPAMH M BCTPOEHHLIMU KOHTPOJI-
JIEPAMH, JJIsi BU3YAJIU3ALMUNA COCTOSHUS 00OPYA0BAHUS U TEXHOJOIMYIECKOrO IIPOLECCa.

Ha takux KOMIBIOTEPAX B KAYECTBE OMEPAIMOHHBIX CUCTEM YACTO UCIOIB3YITCH “00bI9HbIe”
OMEPAIMOHHBIE CUCTEMbBI C JIONOJHUTEBHBIMU MPOTPAMMHBIMYA KOMILJIEKCAMHU, ATANTUDPYIO-
UMY UX K TPeOOBaHUAM “DeayibHOTO BpeMeHu .

2. IIpomspimnnienabie KoMbioTepbl. COTOAT U3 OAHOMN IJIAThI, Ha, KOTOPOI Pa3MelIeHbl: [IPOLEC-
COp, KOHTPOJLJIED MTAMSATH, NaMsTh 4-X BUJIOB:

— TI3Y, mocrostanoe 3anomunaiomee ycrpoiicrso (ROM, read-only memory), rae o6brau0
pasmemena cama OCPB; tunuynast emxocts — 500Kb;

— 03V, oneparusnoe 3anomunaomee ycrpoiicrso (RAM, random access memory), Ky-
nma 3arpyxaercs kox u ganabie OCPB; 06bpraH0 Oprann3oBana Ha 6a3e JUHAMWYECKOM
namstu (dynamic RAM, DRAM); tunuunas emxocts — 16Mb;

— craruueckoe O3Y (static RAM, SRAM) (o ke, uyro u O3V, HO nuTaercs OT uMeromeics
Ha wiare Oarapeiiku), rie Pa3MenaioTcsi KPUTUYECKU BasKHbIE JaHHBIE, KOTOPHIE He
JOJIZKHBI IIPOITaAaTh IIPU BBIKJIIOYCHUN ITUTAHWA; TUIMINIHAA €MKOCTb — 2Mb, TUIINYIHOE
BpeMs COXPaHEHUs JAHHBIX — O JIET;

— dnem-namsaTs (flash RAM) (snekrpuuaecku nporpammupyemoe II3Y), koTopoe urpaer
poub gucka miisi OCPB; tunuunas emxocrs — 4Mb;

koHTpO/TEph nepudepuiiabrx yerpoiicrs: SCSI (Small Computer System Interface), Eth-
ernet, COM mopToB, napaiebHOr0 MOPTa, HECKOJBKO IMpOorpaMMupyeMbix taiimepos. Ha
IJIaTe HAXOIWTCS TAKXKE KOHTPOJIIED W Pa3beM IIMHBI, 9epe3 KOTOPYI0 KOMIIBIOTED YIPaB-
JIdeT BHCIITHUMHNU yCTpOﬁCTBaMI/I. B Ka4deCTBE IIIMHBI B IIOJABJIAIOIIEM 60.TII)HII/IHCTBG CJIy1aeB
ucnosb3yercs mmaa VME, kotopyio B nociieaaee Bpems craia recuuthb muaa Compact PCI.

OrmeruM, 94T0 HeCMOTPs Ha Hajaudue KoHrposuiepa SCSI, ooerano OCPB paboraer 6e3 auc-
KOBBIX HAKOIUTEJIEH, MOCKOIBKY TOC/IEIHUE HE YAOBIETBOPSIOT IPEIbSBJISEMbIM K CACTEMAM
peasbHOr0 BpeMeHu TpeOOBAHUSIM 10 HAIEKHOCTH, YCTOMYMBOCTY K BUOpanuu, rabapuram u
BPEMEHM FOTOBHOCTHU IIOCJI€ BKJIIOYCHUS [TATAHUS.

ITnara moMemaercs B CrequaIbHbIA KOPHyC (KPeiT), B KOTOPOM Pa3BeJEeHbl PA3heMbl IUHbI
U ycraHoBJIeH 610K nuranus. Kopiyc 06ecnednBaeT HaIeKaIuil TeMIePATYPHBIA PexKUM,
3aI0UTY OT MbLIM M MEXAHWYECKHUX HOBPEXKJAEHMi. B TOT 2Ke KOpIyC BCTABJSIOTCS ILIATHI
aHasoro-udpoBbx u/mian nudpo-aHasoroebix mnpeobpasosaresneit (ALl u/wam ITAII)



1.4. Ocobennocru obopynoBauusi, Ha Koropom paborator OCPB

(analog to digital and/or digital to analog converters, ADC and/or DAC), ugepe3 xkoro-
pBle OCYIIECTBISETCS BBOJ/BBIBOJ YIPABJSIONEH HHMOPMAIWH, IUIATHI yIPABJIEHUS JJIEK-
TPOMOTOPAMHA U T.I. B TOT K€ KOPIYC MOTYT BCTABJISITHCSA APYTHE TAKWE Ke (MM WHBIE)
NPOMBIIIJIEHHBIE KOMITBIOTEPHI, 00pa3yst MHOTOMPOIECCOPHYI) CHCTEMY.

Cpeny mpoIeccopoB MPOMBINIIEHHBIX KOMITBIOTEPOB JOMUHUPYIOT MPOIECCOPBI CEMENCTB
PowerPC (Motorola — IBM) u Motorola 68xxx (Motorola). Takxke npucyTCrByiOT I1IpO-
neccopur cemeiicrs SPARC (SUN), Intel 80x86 (Intel), ARM (ARM), Intel 80960x (In-
tel). TIpu BBIGOpE mMpoUEccOpa OnpeaessomuMu (haKkTOPAMU SIBJSIIOTCS MOJLydYeHue Tpedy-
€MOli IPOU3BOAUTEJIBHOCTH NIPY HAVWMEHBINENH TAKTOBOU 4aCTOTe, a, 3HAYUT, U HAVWMEHBIIeR
paccenBaeMoil MOIIHOCTH, & TaKyKe HAWMEHbIIIee BpeMsi EPEKJIIOYEHNsT 33189 U PeAKIUU Ha
npepbiBanust. IlomuepkHeM Ba>KHOCTH MaJIOi PAcCEeMBAEMOil MOIIHOCTH IIPOIECCOPA C TOUKHU
3peHus MOJIy9YeHUsl BBICOKOU OTKA30yCTOMYIUBOCTU CUCTEMBI B IEJIOM, ITOCKOJIBKY MAJIbII HA-
I'PEB IIPOLIECCOPA, IIO3BOJISIET OOOUTHUCH 6€3 OXJIaXKIAIOIIEr0 BEHTUIISITOPA, KOTOPbIN sIBJISeTCS
JOCTATOYHO HEHAJEC)KHBIM MEXaHUYIECCKUM yCTpOﬁCTBOM.

IIpombIinieHHBIE KOMIIBIOTEDPBI KCIOJB3YIOTCS IJjIs HENOCPEICTBEHHOIO YIPABJIEHUS] IIPO-
MBIILIEHHBIM UJIM UHBIM 000pyaoBanueM. OHU 9aCTO HE MMEIOT MOHUTOPA U KJIABUATYPHI, U
JJIsT B3AMMO/IEACTBYS C HUMU CJIY2KAT “O0BI9HBIE” KOMIIBIOTEDHI, COEINHEHHBIE C HUMU Yepe3
nocrenosaresbubiii mopr (COM nopr) win Ethernet.

3. BcrpamBaempie CUCTEMBI. YCTAHABIMBAOTCS BHYTPb 000PYA0BaHMsI, KOTOPHIM OHU YIIPABJIsi-
101, Iyt KpymHOro 060pyAoBanusi (HAPUMED, JIOKOMOTHB WJIM CAMOJIET) MOTYT IO HCIOJI-
HEHWIO COBIIQJATH C MPOMBINIJIEHHBIMEA KOMIbIOTepaMu. st 060py0BaHUS TOMEHbINe (Ha-
npuUMep, TPUHTEP) MOTYT MPEACTABIIATL COBOM MPOIECCOp ¢ COMYTCTBYIOMUMY HJIEMEHTAMHY,
pa3MeIeHHbIi Ha OJHOM Tj1aTe ¢ APYTMMU JIEKTPOHHBIMM KOMIIOHEHTAMH 3TOT0 0DOpPYI0-
BaHus. JIjisi MUHEATIOPHOTO 060pyIOBaHus (HATPUMEDP, MOOUJIbHBINA TesiehOH) TPOLECCOP C
CONMYTCTBYKINUMHU dJIEMEHTaAMU MOZKET 6I)ITB Y9aCThIO O,HHOﬁ nu3 60.HBIHI/IX UHTETrPAJIBHBIX CXEM
9TOro 00OPYIOBAHYS.

B pambueiimmem nox kommbiotepoMm s OCPB Mbl OyzeM MOHMMATH MPOMBIIIJIEHHBI KOM-
neiorep. Ormernm ocHoBHBIE ocobenHOocTH OCPB, nukryembie HEOOXOAMMOCTBHIO ee PabOTHI HA
[IPOMBIILIEHHOM KOMIIbIOTEPE.

e Cucrema 4acTo nokHa paboraTsh Ha 6e3AUCKOBOM KOMIIBIOTEPE U OCYIECTBIIATH HAYAIHHY IO
zarpysky u3 [13¥Y. B cuiy sToro:

KPUTUYECCKU BA2KHBIM ABJIACTCA PA3MEP CUCTEMBbI;

— 11 9KoHOMUU MecTa, B [I3Y 9acTh CHMCTEMBI 9aCTO XPAHUTCS B CXKATOM BHJIE U 3arpy-
xaercss B O3Y o Mepe HEOOXOIUMOCTH;

— CHCTEMa J9aCTO MO3BOJISIeT UCHOMHATEH Ko Kak B O3Y, Tak u B I13Y;

— npu Hammaum cBoGomHOro Mecta B O3Y cucrema 9acTo Konupyer cebsi u3 MeJIEHHOTO
TI3Y B Gosee 6GuicTpoe O3Y;

— CaMa CHCTeMAa KOMIIMJIMDPYETCs, JMHKYETCsi U IPEBPAIIAETCst B 3arPy309HbI MO/yJIb HA
JApyrom, “o0bI9HOM” KOMIIbIOTEDE, CBSI3AHHOM C IPOMBIILIEHHBIM KOMIIBIOTEPOM Yepe3
nocienoBaresbblii nopt nin Ethernet; sro rpebyer crenpasnbroro kpoccmiardopmeH-
HOT'O MHCTPYMEHTapHsi pa3paboTdrKa, MOCKOIbKY TUIBI IIPOLECCOPOB H/UIU ONEPAIH-
OHHBIX CHCTEM Ha 3THX JBYX KOMIIBIOTEDPAX HE COBIIAJAIOT.

e Cucrema mMo-BO3MOXKHOCTH JIOJIXKHA, TTO//IEPKUBATH KAK MOXKHO 00JjIee MUPOKW Psifl TPOIec-
COPOB, YTO IAET BO3MOXKHOCTH MOTPEOUTENIO BHIOPATH IPOLECCOD MOAXOASIIENH MOITHOCTH.

e Cucrema 110-BO3MOXKHOCTH JIOJI2KHA [OJJIEP?KUBATH KAK MOXKHO 00Jiee MIMPOKMIA Psiji Creru-
anpHOrO 000pynoBanus (nepudepuiiible KOHTPOJUIEPDI, TAfMEPBI U T.J.), KOTOPBIE MOTYT
CTOSITh HA IJIAT€ KOMIBIOTEPA U ILJIATAX, KOTOPBIMU OH YIPABJISIET Yepe3 OOIIy0 IITHHY.



2. OCHOBHBIE IOJIOKEHHUST

L] O“IeBI/I,[LHO7 Y9TO OJid TIOJTyYeHU A 3aKOHYEHHOM CUCTEMbI yupaBJjieHUS HE JOCTATOYTHO IIPOMBIIII-

nenroro kommbiorepa, AIIT u/umm ITATI nnarer, kpeiita 1 OCPB. HyxHo eme Hanucatb
porpamMmy, KOTopasi 0y1eT HEOCPEICTBEHHO YIIPABJISITh KOHKPETHBIM IIPOMBIIILIEHHBIM 000-
pyznoBarmem. st 3T0ro HEOOX0AMM (KPOCCIIAT(OPMEHHbIH) MHCTPYMEHTapuii pa3paboTan-
Ka, [IEHA KOTOPOI'O MOXKET MPEBOCXOAUTH IEHY IEPEYUCICHHBIX BBIIIE KOMIIOHEHT, BMECTE
B3saTHIX. [IpaBma, 3TOT MHCTPYMEHTAPUil HY>KEH TOJHKO Pa3pabOTUUKYy, U MOJIyYEHHAST TPO-
rpamMma MOXKeT paboTaTh HA MHOTUX KOMIIBIOTEPAX.

Kpuruuecku Baxkubim nmapamerpoum st OCPB siBiisieTcst BpeMs ee peakiyy Ha MPEPhIBAHUS
(KOTOpOE CKJIIBIBAETCS U3 ANNAPATHOIO BPEMEHU 33/I€PXKKHU U IPOrPAMMHBIX 33JE€PIKEK ), a
TaK>Ke IIPeCKa3yeMOCTb 3TOI'0 BPEMEHU.

2. OcCHOBHBIE TIOJIOXKEHUA

B stom pa3nesie Mbl BBE€JEM OCHOBHBIC IIOHATUS, UCIIOIB3YEMBbIC DU PACCMOTPEHUN Ollepal-
OHHBIX CHCTEM DP€aJIbHOI'O BPEMEHH.

2.1. OcHOBHBIE ONpe/IeJI€HUS

Omnpenenenne. IIporpamma — 310 onucanre Ha HEKOTOPOM (DOPMAJIM30BAHHOM SI3bIKE AJI-
rOpUTMA, PELIAIOIero IOCTABIEHHYIO 3aaa4dy. [IporpaMMa sIBJIsSleTCsl CTATUYECKON euHUIeH, T.e.
HEU3MEeHsAEeMOI ¢ TOYKH 3PeHus ONEPAIMOHHON CUCTEMBI, €€ BBIITOJIHAIOMEH.

Onpenenenne. IIpomeccop — 3TO yCTpOMCTBO, BBLIIOJHSIONIEE ONPEIEIE€HHbIA HAOOD WH-
crpykumit. JIyist TOro, 4T00BI OBITH BBHITOJHEHHO, TPOrpaMMa JI0JIKHA ObITH MTPEXK/Ie BCETO mepe-
BEZIEHA, C AJTOPUTMUIECKOTO SI3bIKA, Ha, A3bIK ITUX MHCTPYKIMI (CKOMIUIUPOBAHA,).

Omnpenenenne. IIponecc — 310 AMHAMHUYECKAs CYITHOCTb IIPOrPAMMBI, €e KO B IIPOIEcce
cBoero BoeinosiHeHus. meer

e COOCTBEHHBIE 00JIACTY MMAMSITHU TIOJ KO U JTAHHBIE,

e COOCTBEHHBIN CTEK,

e (B cuUCTEMAX C BUPTYaJIbHON NAMSTHIO) COOCTBEHHOE OTOOPAKEHUE BUPTYAILHOMN NAMSTH HA

busndeckyo,

e COOCTBEHHOE COCTOSIHHE.

Hpouecc MOZKET HAXOIUTCA B OAHOM U3 CIACAYIOIMUX TUIINIHBbIX COCTOSAHU (TO‘{HOG KOJINYECTBO
W CBOMCTBA TOI'O WUJIUM UHOTO COCTOSTHUSA 3aBUCAT OT OHepaI.LHOHHOfI CI/ICTeMI)I)Z
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“ocTaHOBJIEH” — IIPOLIECC OCTAHOBJICH M HE UCIIOJIL3YET [IPOLECCOP; HAIPUMED, B TAKOM COCTO-
STHMW TIPOLECC HAXOAMUTCS CPA3y MOCTE CO3IAHUS;

“TepMUHHPOBAH’ — MPOIECC TEPMUHUPOBAH U HE UCIIOIB3YET MPOILECCOP; HAIPUMED, IIPOIECC
3aKOHYUJICS, HO €Ie He yIaJIeH OIEPAIMOHHON CUCTEeMOi;

“kzeT” — IPOLECC JKAET HEKOTOPOro COObITHs (KOTOPBIM MOXKET ObITh AIIIAPATHOE WJIU MPO-
rPaMMHO€ [IPEPBbIBAHUE, CUTHAJ WK Apyras (popMa MEKIIPOLECCHOrO B3aUMOAEHCTBYUS);

“roToB” — POLECC HE OCTAHOBJIEH, HE TEPMUHUPOBAH, HE OXKUJIAET, HE yIAJIEH, HO U HE Pabo-
TAET; HAPUMED, IPOLECC MOXKET HE MOJLyYaTh JOCTYIIA K IIPOLECCOPY, €CJIU B JAHHbBI MOMEHT
BBINOJIHSIETCsT APYTOi, O0JIee TPUOPUTETHBIN IPOLECC;

“BBINOJIHSIETCsT” — TIPOLECC BBIIOJIHSIETCs ¥ uciosb3yer npoueccop; B OCPB 310 06bryno 031a-
9AET, YTO ITOT NPOLECC SIBJSETCS CAMBIM IPUOPUTETHBIM, CPEIU BCEX MPOLECCOB, HAXOMs-
IIUXCSL B COCTOSTHUH “TOTOB”.



2.1. OcHOBHBIE OIPEAETICHHUST

Ounpenesnenne. Crek (stack) — 310 061aCTh TAMSITH, B KOTOPOR PA3MEIIAIOTCS JIOKATHHBIE
MepeMEHHBIE, APTyMEHTHI ¥ BO3BpaInaeMble 3Hadenns GpyHKumil. BMmecre ¢ 001aCThI0 CTATHYIECKUAX
JAHHBIX MOJIHOCTBHIO 33/1a€T TEKYIIEE COCTOSIHUE [IPOLECCA.

Onpenenenne. BupryanbHass naMaTh — 9T0 “IaMsiTh’, B aAPECHOM [IPOCTPAHCTBE KOTOPO
paboraer nporecc. Bupryanbaasi maMsiTh:

1. mo3BossieT YyBEJUYUTh OOBEM MAMSITH, JOCTYIIHOM MPOLECCaM 33 CYET JAUCKOBOHN MAMSITH;

2. obecnednBaeT BbIIEJIEHNE KAXKIOMY U3 IPOIECCOB BUPTYAIbHO HEIIPEPHIBHOIO OJI0KA IAMSITH,
HAUMHAIOMIEroCst (BUPTYAJIBHO) C OZHOIO U TOrO JKE aJIpPeca;

3. obecrednBaeT U3OJISIUI0 OJHOTO MPOLECCA OT JAPYTOro.

Tpaucasmueit BUPTyaJbHOrO aapeca B (pU3WIeCKuil 3aHUMAETCS ONEPAIMOHHAs cucrema. s
YCKOPEHUSI 9TOr0 MPOIECCa MHOIME KOMITBIOTEPHBIE CUCTEMBI MMEIOT MOAAEPKKY CO CTOPOHBI all-
maparypbl, KOTOPasi MOXKET OBITh JinOO HPSIMO B MPOIECCOPE, DO B CIEUAJIHHOM YCTPOUCTBE
yupasJieHust namsarsio. Cpein MeXaHU3MOB TPAHCIISIIUKA BUPTYAJIbHOIO a/ipeca npeobiiaiaer crpa-
HHUYHBIH, IIPY KOTOPOM BUPTYaJIbHAs U (DU3MYECKAs IAMSITH Pa30MBAIOTCS HA KYCKU PABHOIO Pa3-
Mepa, Ha3bpIBaeMble crpanunavu (Tummasbni pasmep — 4Kb), mexny crpanumavu BEPTYaIbHOM
u GU3NIECKON MAMATH yCTAHABJIUBAETCS B3aMMHO-OJHO3HAYHOE ([JI KaXKJOr0 MPOLECCa) 0T00-
paxkenwne. Ormerum, uro OCPB crpemsitcsi moydnTh MaKCHUMAJIBHYI MPOU3BOIUTEIBHOCTD HA,
nmeroremcst 060pynoBanuy, modromy Hekoropbie OCPB He ucnons3yroT MexaHu3M BHUPTYaJIbHON
[MaMSATU U3-33 33/€PKEK, BHOCUMBIX IIPU TPAHC/ISIUN 3IPECA.

Onpenenenne. MexnporieccHoe B3auMOAENCTBUE — 9TO TOT WJIX WHOU CIocob mepemaau
nHOpMaIKM U3 OZHOTO Ipolecca B apyroit. Hanbosee pacnpocTpaneHHbIME (HOpPMaMU B3aNMO-
JIeCTBUS ABISIOTCS (He BCE CHCTEMBbI TOJEPKUBAIOT TIEPEIUCICHHBIE HUKE BO3MOKHOCTH ):

1. Paznensiemasi namsarb — nsa (unu 6ojiee) MPOLECCA MMEIOT JOCTYIl K OJHOMY M TOMY K€
OJioKy maMsiTu. B cucremax ¢ BUPTYaJbHON MAMSTHIO OPraHU3AIMsi TAKOTO BUIA B3AUMO-
JeiicTBUs TpEOYyeT MOAAEPKKY CO CTOPOHBI ONEPAIMOHHON CUCTEMBI, TOCKOJIBKY HEOOXOIUMO
0TOOpPAa3UTh COOTBETCTBYIONME OJIOKM BUPTYAJHHON MAMSITH IPOIECCOB HA OIWH M TOT XK€
010K (PU3UIECKON MAMSITH.

2. Cemacpopsr — nBa (mmm Gosee) mpomecca UMEKT JOCTYII K OHON NePeMEeHHOHN, IPUHAMAOIIEH
suauenue ) wan 1. Cama mepeMeHHasi 9aCTO HAXOAUTCS B OOJIACTH JAHHBIX OMEPAITMOHHON
CUCTEMBI ¥ TOCTYI K Hell OpraHu3yeTcs IOCPEICTBOM CIIEUAIbHbBIX (DyHKINI.

3. CurnaJbr — 3T0 COOOIIEHMSI, JJOCTABJISIEMbIE TIOCPEJICTBOM OMEPANMOHHON CUCTEMBI TIPOIECCY.
TIporecc momxeH 3aperucTpupoBaTh 00PAOOTINK ITOTO COODINEHNUs ¥ ONEPAIMOHHOMN CHUCTe-
MbI, YTOOBI TOJIyYUTh BO3MOXKHOCTb PEArMPOBATH HA HEro. JacCTO OIEPAMOHHASI CHCTEMA,
M3BEMAeT IPOLECC CHUTHAJIOM O HACTYILUIEHWH KAKOro-jamOo cOosi, Hampumep, mejieHnu Ha 0,
WA O KAKOM-JTM00 anmapaTHOM MPEPHIBAHWUY, HAIPUMED, TPEPLIBAHUHN TAMEDPA.

4. IouroBble AmMEKH — 3TO OYepensh COOOImeHuit (OOBIYHO — TE€X WM MHBIX CTPYKTYD JaH-
HBIX ), KOTOPBIE IOMEIIAITCS B TIOYTOBBIH SMUK IPOLECCAMH /NN OTIEPAIIMOHHOM CUCTEMOIA.
Heckonpko IpoIieccoB MOryT »K/1aTh MOCTYIIJIEHUST COODIIEHNsT B IOYUTOBBIH SIIIUK U aKTHUBHU-
3UPOBATHCS 110 €ro nocrymieHnn. Tpedyer momIepKKu Co CTOPOHBI ONEPALMOHHON CUCTEMBI.

Omnpegenenne. CobbITHE — 5TO ONOBEIIEHHUE TPOIECCA CO CTOPOHBI OMEPAIUOHHON CUCTEMbI
0 TOM myi UHON (PoOpMe MEXKITPOIECCHOTO B3aMMOIECHCTBYSI, HAIIPUMED, O MPUHSATAN CeMadhOpoOM
HYKHOTO 3HAYEHWsI, 0 HAJIMYUU CUTHAJIA, O MOCTYIIEHUH COODINEHUSI B TIOYTOBBIN SIIIUK.

Cosnanue, obecrieueHrie B3auMOIEHCTBYSL, PA3IeJIeHIE IIPOIECCOPHOrO BPEMEHU TPeOyeT OT Ore-
PAIMOHHOM CUCTEMbI 3HAYUTEIBbHBIX BBIYUCIUTEILHBIX 3aTPAT, OCODEHHO B CUCTEMAX C BUPTYAJIb-
HOI TTAMSTBI0. DTO CBSA3AHO MPEKIE BCErO C TeM, YTO KAXKBIM MPOIECC UMEET CBOE 0TODparKeHUe
BUPTYAaJIbHOM MaMATH HA (PU3MIECKYI0, KOTOPOE HA0 MEHATD IIPH IIEPEKJI0IEHUH IPOLECCOB U IIPU
obecnevennu nx n0CTyna K oObekTam B3amMozeiicTsus (00medt namsatu, cemadopam, NOITOBBIM
stimukaM ). OdeHb 9acro GhIBaeT Tak, 9To TPeOyeTCs 3alyCTUTh HECKOIBKO KOMM OJHOW U TOM XKe
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2. OCHOBHBIE IOJIOKEHHUST

MPOTrPaMMBbI, HAIPUMED, [IJIsi YIPABIEHUS HECKOJBKUMU EIUHUIAMU OHOTO W TOrO Ke 000pyI0-
BaHUsi. B 3TOM Ciiydae MbI HECEM ABOMHbBIE HAKJIAIHBIE PACXO/BI: IEPKUM B OIMEPATUBHON MAMSITH
HECKOJIbKO KOIIHI KOJa OQHOU IIPOrpaMMbI U €IIe TPATUM JOIIOJIHUTEILHOE BPEMs HA, O0ecredeHue
YX B3AUMOAEHCTBUSA. Y/IydIIaeT CUTYAIUI0 BBEICHUE 33 0a4.

Ounpenesnenne. 3agada (uiu HOTOK, wiu HUTb, thread) — 310 Kax-Obl o7HA U3 BeTBell
WCIIOJTHEHUsI [IpolLiecca:

® DPA3IEIseT ¢ IPOLECCOM 00JIACTD IMAMSTH IO KO U JAHHBIE,

“MeeT COOCTBEHHBIN CTEK,

e (B cuCTEMax C BUPTYAJbHON MAMATHIO) PA3JENsSeT ¢ MPOIECCOM O0TOOPAKEeHNe BUPTYAJTbHOM
namMaTy Ha PU3NIECKYIO.

uMeeT COOCTBEHHOE COCTOsIHUE.

Taxum 06pa3omM, y AByX 334349 B OZHOM IIPOLECCE BCS HAMSTH SIBJISETCH PA3AEIIeMON U JOIIOIHY-
TeJIbHbIE PACXOJbI, CBSI3aHHBIE C PA3HBIM OTOOpPaXKEHWEM BUPTYAJBbHON MaMsTHd HA (PU3MIECKYIO,
cBeneHbl K HyJ0. s 3a7a49 Tak ke, KaK JJIs MPOIECCOB, OMPENEIISTIOTCST TOHSATUS COCTOSTHUST
331291 1 MEXK33JaYHOT0 B3auMOIEUCTBUS.

Omnpenenenne. Pecypc — 370 00beKT, HeOOXOAUMBIH 71T pabOTHI IPOLECCY WX 3aJade.

Onpenenenne. IlpuopureT — 310 4NC/I0, IPUIUCAHHOE OMEPALMOHHON CACTEMOMN KaXKIOMY
nporeccy u 3amade. dem OOJIbINe 3TO YUCJIO, TEM BayKHEE ITOT MPOIECC WM 331393 U TEM OOJIbIIe
MPOIECCOPHOTO BPEMEHM OH wyin OHA mojayduT. Kak ormedasoch Beime, yacto B OCPB zamauga
C MEHbBIIIUM TPUOPUTETOM MOXKET BOODIINE He TMOJIyYUTh YIPABJICHUS MPYU HAJUYIUN B COCTOSTHUU
POTOBHOCTH 332491 € OOJIBIINM IPUOPUTETOM.

Eciu B omepaimoHHOI CHCTeME MOrYyT OJHOBPEMEHHO CYIECTBOBATH HECKOJIBKO IPOIECCOB
WIN /¥ 33]a49, HAXOASIUXCS B COCTOSTHUM “BBINOJIHSIETCS’, TO TOBOPSIT, YTO 9TO MHOTO3aIaYHASI
cuUCTEMa, 8 ITU NPOLECCH HA3BIBAIT MapajuiedbHbIMu. OTMeTUM, YTO €C/IU IPOLECCOP OJIUH,
TO B Ka)K,Z[I)II‘/‘I MOMEHT BpeMeHI/I Ha CaMOM JeJie pea.HbHO BbIIIOJIHAETCA TOJIBKO OJWH HpOHeCC nJjm
zazada. Cucrema pasjiesisieT BpeMsi MeXK/ly TaKVMH “BBIIOIHSIOMUMUCS HPOLECCAMHU/3a0a9aMy,
JlaBasi KaXkKJIOMy M3 HUX KBAHT BPEMEHU, MPONOPIMOHAJIBHBINA €r0 IPUOPUTETY. DTOT KBAHT BpE-
MEHU YaCTO HE 3aBUCHAT OT CHENUMUKY PEIraeMoil 3aa49u PeajJbHOrO BPEMEHU, TMOITOMY TAKOU
noaxoy 06br9HO He mucnosb3dyercs B OCPB. O6brano B OCPB B cOCTOsiHMY BBIIOJIHEHUST MOXKET
ObITh TONBKO OnuH npouecc. B xoporueit OCPB 310 MOKHO M3MEHUTH IPOrPAMMHBIM ILyTEM.

Ounpenesienne. CBa3biBaHue (JIMHKOBKA, linkage) — 3T0 mporecc mpeBparieHusi CKOMITUIIU-
POBAHHOTO KO/ (OOBEKTHBIX MOAYJIel) B 3arpy309HbIA MOMYJIb (T.€. TO, YTO MOXKET UCIOIHSITHCS
NPOIECCOPOM TIPH TOAJIEPIKKE ONEPANMOHHON CHCTEMBI). Pasnmu4aaror:

e cTaTHM4YecKoe CBsI3bIBaHME, KOIJa KOII HEOOXOAUMBIX Uit PA0OTHI MPOrpaMMbl OUOJIMO-
Te4YHBIX (DYHKIMIA (Du3udecKu T00ABJISETCS K KOAY OOBEKTHBIX MOMIYJIEN IJIsi TIOJIY9€HUsT
3arpy309HOIO MOZYJIS;

¢ IWHAMUYECKOe CBSI3bIBAHUE, KOTJA B PE3YJIBTUPYIOIMIEM 3arPy309HOM MOTyJIe TPOCTABJISI-
FOTCsI JIAIIb CChLIKY HA, KO HEOOX0auMbIX 6ubmoTednbix (pyHKIMiA; caM Ko Oymer peasibHO
100aBJIEH K 3arpPy309HOMY MOJYJIK TOJIBKO IIPU €r0 MCIIOJTHEHUH.

IIpu craTmaeckoM CBsI3BIBAHUU 3arPy309HBbIE MOJIYJIU TOJIYYAIOTCs O9€Hb O0IbIIOro pasmepa. ITo-
9TOMY MOJABJISIIOIIEe OOJBIIMHCTBO COBPEMEHHBIX OMEPAIMOHHBIX CUCTEM UCIONb3YeT AMHAMIYE-
CKO€ CBSI3BIBAHME, HECMOTDSI HA, TO, YTO [IPU STOM HAYAJIbHAS 3arpy3Ka MMPOIECCa Ha WCIOJTHEHNE
MEJIJIEHHEE, 9€M IIPU CTATUYECKOM CBS3bIBAHUM U3-33 HEOOXOAMMOCTH MOUCKA M 3arPy3KU KOJA
Hy?KHBIX OMOMmMoTedHbIX (byHKIHMiA (9ACTO TONBKO TEX M3 HUX, KOTOPBIE HE OBbLIM 3arPy2KEHbI s
JIPYTUX TPOLIECCOB).
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2.2. Tuner 3a7a4

2.2. Tunsl 3aga4

Besikuii mporece COZEep:KUT OfHY WJIM HECKOJBKO 3aad. OnepanuoHHasi CUCTEMa MO3BOJISIET
3aJa4e IOPOXKIATh HOBBIE 330a4K. 3aJa49M 110 CBOEH MaHepe JefCTBOBATh MOXKHO Pa3le/uTh Ha 3

KATETOpUN.
1. IMukmmgeckwme 3amaqu. XapaKTEPHBI [JIsI MPOIECCOB YIIPABJIEHUST I HHTEPAKTUBHBIX IIPOIEC-
COB.
2. Ilepuonmdeckme 3ama<9u. XapPaKTEPHBI JJisi MHOTMX TE€XHOJOTMYECKMX MPOIECCOB W 33139
CUHXPOHU3AIUH.
3. UmnynascHble 331341, XapaKTEPHBI JJIS 33189 CUTHAJIU3AINN U ACUHXPOHHBIX TEXHOJIOTHUYE-

CKHX TIPOIECCOB.

2.3. Buasr nporpaMmMupoBaHUA

B 3aBucuMOCTH OT apXUTEKTYPHI LETEBOrO KOMIBIOTEDPA M HA3HAYEHUSI, IIOIXOIbI K HAIMCAHUIO
IIPOrPaMM MOKHO PA3JEJIUTh HA 3 TPYIIILIL.

1.

ITociemoBaTesibHOE mporpaMMupoBaHue. [IporpaMMa HUCIIOTHSIETCS HA OZHOM ITPOIEC-
cope B BHJE OHOTO IPOIECCa, COCTOSINEro u3 OMHOM 3a1a4u. IloBemeHre mporpaMMbl JeTep-
MUHUPOBAHO. Pe3ysbrar paboThl HE 3aBUCUT OT BPEMEHHBIX XAPAKTEPUCTUK KOMIIBIOTEDA,
TaKWX, KAK TPOU3BOJUTEILHOCTD MIPOIECCOPA, CKOPOCTD MEPEKJIIOYEHUST 3314, BpEMsI PeaK-
MY HA, BHEIITHKWE COOBITHSI.

ITapannennHOoe mporpaMmmupoBaHue. Pa3mm4aT KBa3u-napaJijiebHbIe IPOrPAMMBI, CO-
CTOSAIIME W3 HECKOJbKUX HE3aBUCUMBIX IIPOIECCOB, U MCTHUHHO-IIAPAJJIEIbHBIE IPOIPAMMEIL,
COCTOSIIME U3 HECKOJIBKUX CBSI3aHHBIX MEXKY CO0OM mapaJiiesibHO PabOTAIOMX IIPOLIECCOB
nn/u 3axa4. KoHeYHOE cOCTOsIHYE IPOrpaMMbl MOXKET 3aBHCETH OT BPEMEHHEIX XapaKTepu-
CTHK KOMIIBIOTEPA, KOT/Ia IPOLECCHl WK/ ¥ 33/Ja49i MOI'YT 3aBEPIIATHCS B PA3HOM MOPSi/IKE.

ITporpamMmMupoBaHUe Jisi CUCTEM PeaibHOTO BpeMeHH. ZBJsercs: mo-HeoOXOIUMOCTH
[IaPAJIIEJIbHBIM, IOCKOJIbKY Ha, OJHOM KOMIIBIOTEPE OOBIYHO PAOOTAIOT HECKOJIBKO IPOIECCOB
¥ 33724, yIPaBIMmuX 000py/I0BaHINEM, HAXOQAIMIMMCS B OJHOM TEXHOJIOIUIECKOHN IIENOYKE.
Ilo onpenenenuro “peasbHOrO BpeMeHn HEOOXOAMMO FapaHTUPOBAHHO COOJIFOCTY BPEMEHHEIE
OI'PAaHUYECHUA U IIPDU 3TOM O6eCHe‘{I/ITb MaKCUMAJIBHO BBICOKYH CKOPOCTBH BBIIIOJTHEHUS.

2.4. Buapr pecypcos

ITo cBoeit mpupose pecypchl MOXKHO Pa3IeIuTh Ha

® anrapaTHbIe:

— TPOIECCOoP,

— 00J1acTh IAMSATH,

nepudepuiiHbie yCTPOICTBA,

— NPEpPBLIBAHNUSA,

® IIporpaMMHBIe:

IPOrpaMMa,

JaHHbIE,

— daitibl,

CcOoO01IeHNS.
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2. OCHOBHBIE IOJIOKEHHUST

ITponecc 1
r P -
Iponece 2 aB,ILeJIHeMbII/i
—_—— HEe KPUTUIHBIN
ITponecc 3 pecypc
+
Ipouecc 3 Ilpomecc 2 ITpomecc 1 Pazgensiembrit
— — — KPUTHYIHBIH
pecypc

Puc. 1. Buasr pa3aensemMbix pecypcos

ITo cBOMM xapakTepuCTUKaAM PECYPChI PA3LEISIOT HA:

® aKTHMBHBIE:
— CIOCOOHBI U3MEHATH UHGOPMANUIO (TIPOIECCOp),
® TTaCCUBHBIE!:
— C110COOHBI XPaHUTh MHGMOPMALHIO,
e JIOKAJIbHBIE:
— MIPMHAIJIEKAT OJHOMY TIPOIECCY; BpeMs KU3HHU COBIAIACT C BpEeMeHeM YKU3HH TPOIecca,
® pa3jeJisieMble:

— MoryT ObITh MCHOJIB30BaHBI HECKOJIBKMMU IIPOLECCAMU; CYLIECTBYIOT, ITOKA €CTh XOThb
OJMH NPOLECC, KOTOPBIA UX UCHOJIb3YeT,

® IIOCTOSIHHBIE:

— HKCIOJIB3YIOTCH IOCPEACTBOM Olepanumii “3axsaTurh’ u “0cBOOOIUTD,
® BpeMeHHbIe

— WCIMOJIB3YIOTCST TIOCPEIACTBOM OIMepanuii “co3gars’ u “yaanuTs’.
Paznensiembie pecypcor ObIBaOT:
® He KPUTUYIHBIE:

— MOryT GbITH HCIOIB30BAHBI OJHOBPEMEHHO HECKOJILKUMHE NPOLECCaMy (HAIIPIMED, 2KeCT-
kuii quck wim kanan Ethernet)

® KpUTHUYHBIE:
— MOryT OBITH WCIOJB30BAHBI TOJBKO OJHHM TIPOIECCOM, W TIOKA ITOT MPOILECC HEe 3a-

BepmUT PabOTy C PECypCoM, MOCJIEAHUI He JOCTYIEH IPYruM OpoueccaM (HampuMmep,
paszessieMas MaMsTh, JOCTYIIHAs HA 3AIKCh).
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2.5. Tunbpl B3anMOIEHCTBHS MPOIECCOB

2.5. Tumnbl B3auMoeiicTBUs ITPOIECCOB
ITo Tuny B3aumMomeiicTBUS PA3IUIAIOT
® COTPYJHUYAIOIIUE MTPOIECCHI:

— TIPOILECCHI, PA3IEIAIONINE TOTbKO KOMMYHUKAIMOHHBIN KaHAJ, 10 KOTOPOMY OJWH IIepe-
JaeT TAHHbBIE, & IPYTOi MX MOJyYaeT;

— IPOIECCHI, OCYIIECTRIAIONTE B3aMMHYI0 CHEXPOHU3AIINIO: KOTIa paboTaeT OmuH, APYyTOil
2KJIEeT OKOH4YaHUusA €ro pa,6OTbI (TI/IHI/ILIHO AJId IIPOTrpaMM, praB.HHIOH.H/IX pPAaOM TE€XHO-
JIOTHIECKHUX TIPOIECCOB);

¢ KOHKYPUPYIOIIUE MPOIECCHI:

— IIPOIECCHI, UCIIOIb3YIOIIe COBMECTHO Pa3/esisieMblil pecypc;
— MPOIECCHI, UCIONIb3YIONINE KPUTHIECKHE CEKINN;

— TOPOIECChI, UCTIOIB3YKINNWE B3aNMHbBIC NCKJIIOYCHUA.

Onpepenenne. Kpurndeckasi ceKiusi — 310 y4aCTOK [IPOrPAMMBbI, HA KOTOPOM 3aIIPEIaeT-
Csl TIEPEKJII0YEHUe 33144 JJisi 00eCIeYeHUs] UCKIIFOYUTEILHOIO UCIIOIb30BAHNS] PECYPCOB TEKY UM
nponeccom (3amageit). Bce OCPB mpenocraBnsior cucTeMHBIE BBI3OBBI “BONTH B KPUTHIECKYIO
ceKnmio” u “BIfTH M3 KPUTUIECKOI ceknun’. OTMeTnM, 910 “O0bIYHBbIE” ONepPAIIOHHBIE CUCTEMBbI
TAKOH BO3MOXKHOCTH TOJIb30BATELCKUM IPOrpaMMaM He naioT. Bpems: npebbiBanus mpomecca (3a-
Jla9y) B KPUTUIECKON CEKIIUK JOJIKHO ObITh KAK MOXKHO MEHBIIE, TAK KAK WHAYE MOXKHO HAPYIIUTh
BPEMEHHBIE OIPAHUYEHMsI HA, CKOPOCTh peakuuu Ha BHemrHue cobbitust. Xopomas OCPB momxua
JaKe [IPU HAXOXKJIEHUH B KPUTUYIECKOHN CeKumu cOOMPATH NMPEPHIBAHUS B 0YEPEIb “OTJI0KEHHbBIX
NMpepbIBaHui 1 00pabOTATH UX MPU BBIXOIE U3 KPUTUYIECKOM CEKITUH.

Ounpenesnienne. Bzanmuaoe nckirodenue (mutual exclusion, mutex) — 310 cnocob cuaXpo-
HU3AIUN TapaIeIbHO pAbOTAIOIIUX MPOIECCOB (3a/1a4), UCTIOMb3YIONUX PA3AEIAEMbIi MOCTOSIH-
HBI KpuTr4HbIi pecypc. Eciin pecypc 3assiT, TO0 cuCTeMHBIH BBI30B “3aXBaTUThH Pecypc’ 1epeBoauT
npouece (3a1a4y) U3 COCTOSIHUS BLINOJIHEHUsI B COCTOsiHME Oxkuanusi. Korga pecypc 6yaer ocBo6o-
2KJIEH TIOCPEJICTBOM CUCTEMHOIO BbI30Ba “0CBOBG0OUTE pecypc”’, TO 3TOT npouece (3a1a4a) BepHeTCs
B COCTOsIHHE BBITMIOJIHEHUsI U NPOJOJIKUT CBOIO pabory. Pecypc npu aToM mepeiizier B cocTosiHue
“3aHgT’.

Ecnu nponecchr He3aBuCuMBL (HE MMEIOT COBMECTHO HCIIONB3YEMBIX PECYPCOB), TO CHHXPOHHU-
3anusi uxX paborbl He Tpebyercs. Eciu ke mponeccs uCnoab3yioT pa3jelisieMblil pecype, TO uX
JIeSITEIbHOCTh HEOOXOAMMO CHUHXPOHU3MPOBaTh. Hampumep, npu ucnosib3oBanuu obuiero 6710ka
naMATU TPOBJIEMbl MOTYT BO3HUKHYTH JarKe €CIM OAWH mporecc (337a4a) TOJIbKO YATAET JaH-
HbIE, & APYrOoil — TOJIHKO IHUIIIET.

IIpu cunxpoHu3amu 33034 HEOOXOIUMO BOPOTHCS ¢ 3-Ms1 IpobreMaMu:

1. “6uokuposka”’ (“lockout”):
e npouecc (3a1a4a) 0XKUIAET PECYPC, KOTOPbIH HUKOTIa He OCBOOOAUTCS,

2. “rymux” (“deadlock”):

e 1Ba mporecca (337a9u) BJIAJCIOT KAXKIBIA M0 PECYPCy W OXKHUIAAIOT OCBOOOXKICHUS Pe-
Cypca, KOTOPBIM BJIQJIEET APYroii nmponecc (3a1a4a),

3. “ronomoska’” (“starvation”):
e mpouecc (3aa49a) MOHOIOIU3UPOBAJ IIPOLECCOP.
Juisi MuHUMU3aIUY 3TUX NPOOJIEM UCHOIB3YIOTCs CAEAYIOLINE UICH.

e KosmmaecTBo pecypcoB OIPAHUYEHO, [T03TOMY HeJIb3sl [JOILyCKATH CO3/AHUS 33134, /Il KOTO-
PBIX HEJOCTATOYHO PECYPCOB [JIsl BBIIOJHEHUS.
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2. OCHOBHBIE IOJIOKEHHUST

e 3anauu AesIsITCS HA TPYIIILL:

— HeaKTHUBHBIE 33J]a9M, KOTOPBIM He XBAaTWJIO JIayKe TACCUBHBIX PECYPCOB, U OXKUJa-
orue CoObITHI 3a/a49M; TAKUM 33Ja9aM aKTUBHBINA pecypc (Ipomeccop) He Iaercs
BOOOILIIE;

— rOTOBBIE 33/1a4U, y KOTOPbIX €CTh BCE HEOOXOAUMBbIE IACCUBHbBIE PECYPCHI, HO HET IIPO-
LIECCOPA; SIBJISIIOTCS KAH/IMJATAMY HA TIOJIyY€HNe IPOLECCOpPa B CIIydae ero 0CBODOXKIe-
HUS;

— BBINIOJHSAIOIIHECS 3313491, Y KOTOPHIX €CTh BCe HeOOXOAMMbIE IACCUBHBIE PECYPCHI, U
IIPOLIECCOD.

2.6. CocrogHusa mpoiiecca

PaccmoTrpum Gostee 1eTanbHO COCTOSTHHS IPOIECCA W MTEPEXOIbI U3 OJHOTO COCTOSTHHS B IPYTOE.
CocrosHus:

1. He cymiecTByer,
2. HEe 00C/IyKUBAETCSI,

rOTOB,

- w

BBIIIOJIHAECTCA,

o

OXKHUJIAET pecypc,
6. oxugaer Ha3HaUEHHOE BpeMd,

7. OXHUIAET COOBITHSI.

Hepexo,nbl N3 COCTOAHUA B COCTOAHUE:
1. nepexon 1 — 2: co3zanue mporecca

2. mepexon 2 — 1: yHUYTOXKEHUE IIPOLECC,

3. nepexon 2 — 3: akTUBM3ALMs IIPOLIECCA JUCIIETYEPOM

4. mepexon 3 — 2: 1e3aKTUBU3AIUS TTPOIIECCA,

5. mepexon 3 — 4: 3arpy3Ka Ha BBIIOJHEHHE IIPOLECCA TUCIETIEPOM

6. mepexon 4 — 3: TpeboBaHME OOCTYKUBAHUS OT MPOIECCOPA, APYTUM TPOIECCOM
7. mepexon 4 — 2: 3aBepleHue MPOIECCa,

8. mepexom 4 — 5: GJIOKUPOBKA, ITPOIECCA O OCBODOKIEHUs TPeOyeMOro pecypca
9. mepexon 4 — 6: GIIOKUPOBKA MPOIIECCA IO UCTEYEHUS 33JAHHOTO BPEMEHU

10. mepexos 4 — 7: GIOKMPOBKA IPOLECCA JI0 PUXO0A COObITHSE

11. mepexon 2 — 6: akTUBU3AIMS IIPOLIECCA IPUBOJIUAT K OXKUJIAHUIO BPEMEHHON 33/1€PXKKU
12. nepexosm 2 — 7: akTUBU3ALMS TPOLIECCA TPUBOAUT K OXKUJIAHUIO COObITHSE

13. mepexos 2 — 5: aKTUBM3ANWMsI IPOLECCA MPUBOAUAT K OXKUJIAHUIO OCBODOXKIEHUS PECypca
14. mepexon 5 — 3: aKTHUBU3AUMS IPOLECCA M3-33 OCBOOOXKIEHUS 0XKUIABIIETOCS PECYPCaA

15. mepexon 6 — 3: akTUBUIAIMS TIPOIIECCA TI0 UCTEUECHUE 33/ ITAHHOIO BPEMEHN
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3. CTaH,ZIa,pTBI Ha oneparruOHHbIE CHCTEMbI PeaJIbHOI'O BPEMEHH

16. mepexon 7 — 3: aKTUBHU3AIMS MIPOIECCA W3-3a TPUXO/IA OKUIABIIETOCS COOBITHS

Ilepexon 4 — 3 B cucTeMax peabHOTO BPEMEHU IMIPOUCXOIUT CPA3y, KAK TOJBKO B COCTOSTHUE TO-
TOBHOCTY TI€peHIeT MPOoIece ¢ GOIBINM TPUOPUTETOM. TaKoil MeXaHN3M HA3bIBAIOT MPUOPUTETHBIM
nepeksoueHueM (preemption, 6yKBaJabHO: IPUOPUTETHOE IPABO Ha, MOKYTIKY ). CHCTeMa peasbHOro
BpeMEHU JOJI2KHA OCYUIECTBJIATH MEPEKTI0YCHUE 3a1a9 B COOTBETCTBUU C 3TUM IPUHIUIIOM.

3. CTaH,E[a,prI Ha OII€epal1OHHbIE CHUCTEMBbI pe€aJIbHOI'O Bpe€e-
MEHNn

B srom pazmene mbr paccmorpum cymecrByomme craggaprel Ha OCPB. Kak u Bo mMHOrmx
Apyrux 00JaCTsX, CTAHAAPTHI CTAJIUA IOSIBJSITHCS JIMIIL II0CJE TOrO, KAK yKe ObLI CO3JaH psif
OCPB. OcHOBHOI1 11€/IbIO BBEIEHUS] CTAHIAPTOB SIBJISIETCS OOJIErYEHNE MEPEHOCA MPOrPAMMHOTO
obecriedenusi u3 OAHON cuCTeMbI B Apyryr0. OTMernM, 9T0 pa3pabOTINKu CUCTEM DPEAJHHOTO Bpe-
MEHH YaCTO CTABST 33194y 00eCIedeHrst MAKCUMAJIbHOM cKopocTH pabors! u komnakTaoctu OCPB
BBIIIE 331949 ee cranaaprusanuu. [losromy, ¢ oguoit cropousl, cpeau OCPB npeobianator cucre-
MBI C YHUKAJIBHBIM yCTPOUCTBOM, & C APYTOi CTOPOHBI, MHOTVE CTAHIAPTHI HOCAT BeCbMa OOmumit
xapakTep. IIpu 3TOM make cuCTEMbI, AEKJIAPUPYIOMIKE CBOK COBMECTUMOCTH C HEKOTOPHIM CTAH-
1apTOM, OOBIYHO COEPIKAT PsiZi PACIINPEHMIA, BHIXOASIINX 33 €r0 PAMKu. 1eM He MeHee, BayKHOCTh
CTAHIAPTOB COCTOUT B TOM, YTO OHM (DAKTUIECKU BBICTYIIAIOT B KAYECTBE AKCHOMATHIECKO 0a3bl,
3a/AI011El ONpeIe/IeHrsI PACCMATPUBAEMbBIX OObEKTOB U IIOHSITHN.

MbI KpaTKO pacCMOTPUM HECKOJIBKO cTaHAapTOB. [1oapobHO OyaeT paccMOTpEH TOJIBLKO HAnbOo-
Jiee crapwlii 1 3aBepiieHHblil n3 Hux — esporneiickuit crangapr SCEPTRE.

3.1. Hopmst ESSE koncopumyma VITA

Hopwmer ESSE koncopmmyma VITA (VMEbus International Trade Association) maxomsitess B
crajuy pa3paboTKU, HO y»K€ OKA3bIBaioT Biusinue Ha paszpaborumkoB OCPB B cuny Becomocru
oprarm3amuu VITA (manomuunm, mura VME 3aaumaer nmuaupyromee monokenne Cpeay MuH JJist
IPOMBIILIEHHBIX KOMIIBIOTEPOB ¥ BCTPAUBAEMbIX cucTeM). HOpMBbI TIpexkie BCEro OPUEHTUPOBAHBI
Ha YHUQDUKAIUIO TPUJIOKEHUH JIsT BCTPAMBAEMBIX CUCTEM B O0JIACTU TEJEKOMMYHUKAIWN, aBTO-
MobusecTpoenus U mpoMbiiieHHocTH. OcHOBHOI 1enbi0 HopM ESSE Takske siBsiercst craHmapTv-
sauusi OCPB (simpa u moacucreMbl BBOJA/BBIBOJA).

3.2. Cranmapt POSIX 1003.1b

Cranmapr POSIX (Portable Operating System Interface) 1003.1b, panee cymecrBoBaBuii
nox pabounm mmenem POSIX 1003.4 u paspa6oranmwii IEEE (Institute of Electrical and Elec-
tronical Engineers), onpenensier pacummpenus cragnapra POSIX 1001 Ha onmepanuoHHbIE CHCTEMBI
UNIX, koTOpBIe MO3BOJSIIOT UCHOIL30BaTh nocienure B kadectBe OCPB. BosbimmuacTBO mpusio-
xenuit UNIX moryT 6bITh mepeHeceHbI B TaKuWe CUCTEMBI, MOCKOILKY ctanmapt POSIX 1003.1b
obecrieunsaer eaunbii ¢ cucremamu UNIX nporpammustii uarepdeiic (API, application interface).
Craggapr POSIX 1003 cocrouT cieayomux 4acTei.

1. POSIX 1003.1 — onpenensier craHaapT HA OCHOBHBIE KOMIIOHEHTHI OIIEPALIMOHHOM CUCTEMBI,
API anst mporeccos, (haityioBoii CUCTEMBI, YCTPOWCTB U T.]1.

2. POSIX 1003.2 — onpefensier CTAaHAAPT HA OCHOBHBIE YTHUIUTHI.

POSIX 1003.1b — onpezesnsier craHZapT HA OCHOBHBIE PACIIUPEHUS “DEAJIbHOrO BpeMeHu .

- w

POSIX 1003.1¢ — onpenensier cranmapT Ha 3ama4au (threads).

5. POSIX 1003.1d — omnpeaensier cranaapT HA JONOJHUTEIbHBIE PACIIUPEHUs “DeAIbHOTO BPe-
MeHn” (Takue, Kak, HAPUMED, MOIEPKKA 06pabOTINKOB IPEPHIBAHNI); STOT CTAHAAPT EIIE
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3. CTaH,ZIa,pTBI Ha oneparruOHHbIE CHCTEMbI PeaJIbHOI'O BPEMEHH

odunmaapHO HE yTBEpKAeH, HO HeKOoTOpble OCPB 3asaBisitoT 0 CBOEI MOAAEPKKE HEKOTOPBIX
€ro 4Jacreii.

Cranmapry POSIX 1003 ¢ pacmupennem 1003.1b yaoBIeTBOpSIOT TakKue CUCTEMBI, Kak Lynx,
VxWorks, QNX. Hekoropsie cucremsr, Hanpumep, CHORUS, obecreunBaioT momjiepKKy CTaH-
mapra 1003.1b mpu 3arpy3ke moCTaBJIsIEMOr0 TPOrPAMMHOTO 0OeCIedYeHnsI, T.€. UMEIOT KaK Obl 1Ba
tuna API: opuruHa/ibHbIii COOCTBEHHDIN M CTAHIAPTHBIMN.

3.3. Cranmapt SCEPTRE

Crangapr SCEPTRE (Standartisation du Coeur des Executifs des Produits Temps Réel Eu-
ropéens) (eBpONECKuil CTAaHAAPT HA OCHOBBI CUCTEM PEAJIbHOO BPEMEHH, 31eCh UIPa CJIOB: sceptre
no-panny3cku o3nagaer “‘ckunerp”’) paspabarbasncsa B 1980-90 rogpr. 3a Bpems ero co3naHus
nosiBusiuch HoBble KoHuenuu B OCPB, He Bce U3 KOTOPBIX ycnesv HAlTH OTPAXKEHUE B CTAH/IAPTE.
B cranmapre

— 00beMHEHbI YCUIINSI MHXKEHEPOB 1 UCCJIe0BaTesel B pa3paborke rpymnn crenudukanmii s

IIPOMBIIIJIEHHbBIX TPUJIOXKEHNIH;

— JIaHBI OIPEJEJIeHNs] U ONMUCAHUS HA0OPa METOI0B U MOIAX0I0B, ucnoyb3dyembix B OCPB;

— OmpeneseHbl CeMb OCHOBHBIX IIeJIei, KOTOpble NoJKHa, npecienosartb OCPB; aTo:

1.
2.

3/IEKBATHOCTH IIOCTABJIEHHON 33/1a4€,

6€30MaCHOCTD (CUCTEMA, JIONIKHA, ObITH MAKCUMAJBLHO YCTOWIMBOI K AIIAPATHBIM U IPO-
rpaMMHBIM C00sIM),

MHUHUMAJIbHAA CTOUMOCTD,

4. MaKCHMAaJbHAS IPOU3BOOUTEIBHOCTD,

5. MEPeHOCHMOCTD (BO3MOXKHOCTD PEATM30BATH CUCTEMY HA APYTOM THIIE TIPOIECCODPA, aJle-

KBATHOM TIOCTABJICHHON 3a1a4€),

. aJanTUBHOCTH (CIIOCOGHOCTH CUCTEMBI IIPUCIOCAOINBATHCS K HOBOMY yIIPABJISEMOMY €10

000pYAOBAHMIO /UK 3a73a49aM),

MOZYJIbHOCTBb (CI/ICTeMa JAOJIZKHA COCTOATH U3 AOCTATOYHO HE3aBUCHUMbIX KOMIIOHEHT, U3
KOTOPBIX MO2KHO MMOCTPOUTH CUCTEMY, JOCTATOIHYIO OJISA PEIICHUA OCTABJIEHHOI 3aJa9U
HA, UMEIOIIEMCsl 000PYI0BAHUN).

Beco cepBuc, mpemocTaBiasieMblil OIEPAIMOHHON CHCTEMOM, Pa3JesieH B CTAHIAPTE HA, CIEAYIO-
mye TPYIIb:

® KOMMyHUKAIMU (MEXKIIPOUECCHOE B3aMMOJCHCTBHE ),
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CUHXPOHU3AIWs (CUHXPOHU3AIMs TPOLECCOB),

KOHTPOJIb ¥ TJIAHUPOBAHME 33134,

YIPAaBJICHNE MTAMATHIO,

yIIpaBJIeHNEe NPEPHIBAHUSMU U 000PYAOBAHNEM BBO/a,/BBIBOAA,

BBICOKOYPOBHEBBIN mHTEP(DEAC BBOIA/BBIBOJA U yIPABICHAs epudepuiHbIMEI yCTPONCTBA-

MH,

yrupasJienue daitiamu,

yIpaBJIeHNEe TPAH3AKIUAMY (COOOIIEHUSIMY U TIEPEIAYaMU JAHHBIX ),

00paboTKa, OmMMUOOK U UCKIIIOYEHUH,



3.3. Craugapr SCEPTRE

yIIpaBJIeHNE BPEMEHEM.

OcuoBHBIE (DYHKIMY ONEPALMOHHON CUCTEMBI PA3AEJICHbI CTAHIAPTOM HA CJI€LYIOHe IPYIIIbL:

BBIJIEJIEHUE TIAMSITA U 3JIPecalusi O0bEKTOB,
CO3/IaHUE U yajieHre O0bEKTOB,

JOCTYII K IPYTUM MAIINHAM.

Crangapt pasjesisierT 334a4u HA JBa, KJIACCA.

IIpsimble (HemOCpeACTBEHHBIE) 339U — 3TO 33349, obecrneduBaromme naTepdeic Mex-
Jly NPWIOXKEHUEM ¥ €r0 BHELMIHMM OKPY?KEHHWEM, HAIIPUMED, 33891 BBOAA,/ BHIBOAA, 330a4H,
obpabarbiBaromye coObITHs TaliMepa. Takue 3313491 aKTUBU3UPYIOTCST HEIIOCPEACTBEHHO CUT-
HAJIOM, TIPUXOJIAMIUM C yIPABJIsIeMOro uHTepdeiica (13 BHENIHErO MUPa). DT AKTUBU3AIAS
PEeAU3YEeTCsT MOCPEICTBOM MEXAHU3MA TPEPHIBAHUI.

KocBeHHbIe (OTJIOXKEHHbBIE) 33189 — TO 33Ja9M, aKTUBU3UPYEMbIE APYTUMHA 33Ja9aMU.
Takue 3ama4u ONEPUPYIOT € MAAHHBIME, MMOJYYEHHBIMHA OT IMPSIMBIX 3339 WA OT JAPYTHX
KOCBEHHBIX 33Ja4.

CraHmapT onpeessieT OCHOBHBIE BUJIBI B3aMMOOTHOIIEHUH MEX1y 3aa9aMu:

CO3/1aHue,
yaaneHue,
AKTUBU3AINA,
OCTAHOBKA,
KOMMYHUKAIIUS,
CUHXPOHU3AIU,
oOMeH CHrHaIamuy,

B3aMMHO€ UCKJIIOYECHUE.

CrangapT onpenesisieT OCHOBHBIE BUIbI COCTOSIHUS 331a4.

He cymrecTByeT: HeT CBA3AaHHOTO C 33Ja49eil IeCKPUNOTOPA, (CTPYKTYDPHI JAHHBIX, XAPAKTe-
pU3yIOmEH 331a9y ¢ TOYKU 3PEHUs] ONEePAIMOHHON CUCTEeMBI).

CymtecTByeT: 337a4a 00J1a/1aeT ONpPeesIeHHBIM JECKPUIITOPOM.

He mncnionErMa: 3aa4a CyIiecTByeT, HO HE MOYKET HU aKTUBU3UPOBATHCS, HU ITPO/IOJIKUTh-
cs.

Ncnomanma: 3aJa4a CynieCTByeT U €€ MOXKHO MCIIOJTHUTD.

He oGcay>xkuBaeTcs: 337a49a UCIOJIHIMA, HO TPeOyeT aKTUBU3ALMU WJIM YCIIEIITHO 3aBEp-
LIEHA.

O6cay>xuBaeTcs: 33/a4a UCIIOJIHAMA, HAYMHAET UCIIOJHEHNE U He TePMUHUPOBAHA.

O}KIIIAaETZ 3aJa4a 06CJIy}KI/IBaeTC$I U OKHUJOAET BBINOJTHEHUA OIPENeJIEHHOTO yCJIOBUA OJI
OpOoao/IZKeHUA CBOEro UCIIO/THEHUA.

AKTI/IBHa: 3aJa49a O6C.Hy7KI/IBaeTCH 1 HE 02K /J1Aa€eT BbIIIOJIHEHU A KaKOI‘O-III/I6O yC.TIOBI/IH, a TOJIb-
KO OXKMJIaeT KOT/1a, 0CBOOOIUTCS IPOIIECCOP OT JAPYTUX 3a1a4.
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e ToToBa: 331898 AKTUBHA U OKUIAET MIPOIECCOPA.
¢ BrimomHsieTcs1: 33/1a9a UCIOIB3yET TPOILECCOP.
Cranpgapr onpeznesisieT OCHOBHBIE BUILI MEXK3aa9HOr0 B3aUMOICHACTBH:

e O6meH curHanamu (cobbrrmsiMm). XoTsi COOBITHE IPENOIATAET HAJINYNE XOTs ObI ABYX
3amad, ctangapt SCEPTRE accomuupyer cobbiTHe ¢ €UHCTBEHHOM 3aaadeii. Cremano 3To
10 CJIEAYIOUUM TTPUINHAM:

— XOTSI COOBITHE MOXKET OXKUIAThCA HECKOJIbKUMU 3aa9aMUu, C HUM HeO6XO,[LI/IMO CBdA3aHa
€IUHCTBEHHAsA OY€pPeab O2KUOAHUA,

— accormanusi COOBITUS TOJILKO C OIHOM 33/1a49eil MUHUMU3UPYET PACXOAbI HA, 3 IPECALIUTO
npu obmene cobbiTusaMu (Best HeobxoauMmas uHdopMalys, KOTOPOi 0OOMEHUBAIOTCS 3a-
JIa9u IOJIKHA, OBITh “3amozkena”’ B CaMOM COOBITHN).

Xors cobbITHE CBA3AHO C OAHOM 3a1a4eil, 0OMeH COObITUAMU MEXKIY ABYMs 33Ja9aMU SIBJIsI-
€TCsi Onepanueil, B KOTOpOil y4acTByoT 00e 3a1a49u: 01HA 33,1248, KT CUTHAJA, & BTOPAsi €ro
nocernaer. Cobbrtue ¢ Touku 3penuss SCEPTRE — 310 06bekT, npuHuMamOmuil 8a COCTO-
siaust: “npubbLr’ wim “He npuOhLT’. Ham coObITHsIMU OMIPEIeIeHbI 3JIEMEHTAPHBIE OIIEPAIIHN:

[OCTIaTh,
— OXKHJATD,
— 04YHMCTHUTH (yJAJIUTh NOCTYIIHMBIIEE COOBITHE),
— npoBepuTh (TIOCTYILIEHNE).
o KommyHnukarmsi. Crparernu KOMMyHUKAUY MEX/y 33/Ja9amu, paboTaompymMy Ha, OZHOM
KOMIIBIOTEDE, DEAIM30BAHBI B BUJIE OHOM CTPYKTYDBI OY€DEIH:
— oYepey OXKWIAIMINX 33134,
— ouepeay COOOLIEHUIA.

Haz ouepensivu (oprarmzosanabivu o npuanuny FIFO, First In - First Out) onpenenensr
CJIeIy OIIUE SJIEMEHTAPHBIE ONEPAIN:

— [OJIOXKUTH JIeMeHT (33J1a4y, COOOIIEHNE) B OYEPEib,

B3AThb 7eMeHT (33a4dy, COODIIeHne) U3 OYepeu,

OYUCTUTDH OUepelb,

OPOBEPUTH HAJIMYKE JIEMEHTa (330a49u, COODIIEHNs).

o VickurroueHUs — 3TO HEOKUIAHHAS CUTYALMsI, B PE3yJIbTaTe KOTOPOi 3371498 HE MOXKET JIAJIee
HCIOJHATHCSA. [leTeKTUpOBaHNe NCKIIYeHNH MOXKET ObITh IIPOrPAMMHBIM HJIM AIIAPATHBIM.
Tunbr uCKIIIOYEHUI:

— CHHXPOHHBIE (HAPUMED, NIPU TIOACUYETE BPEMEHHU),

— acHHXPOHHBIE (BCE OCTAJIbHBIE, HATIPUMED, CUTyalms aejeHus Ha, 0).
st 06CyKUBaHWS UCKJTFOYEHNUST HEOOXOAMMBI:

— 00CTyKMBAOIIAS TPOrPAMMA,
— COOTBETCTBYIOIIAA 331494 (B COCTOSIHUM OXKUJAHUS I/ICKJIIO‘{eHI/ISI),
— MeXaHU3M MEePEKJIIYeHrs] OT TEKYyIel 3aJa49u K 33/a9e 00pabOTKU UCKJIIIOYEHUs,

— MEeXaHW3M BO3BpPaTa U3 33a49u 00pabOTKY MCKIIIOYEHUsT K TEKYIei 3a1a4e.

¢ CemadopbI — 3TO BHICOKOYPOBHEBBIII MEXAHNU3M CHHXPOHM3AIUH 33134. Pa3nyaror:
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— /IBomunsie (6ymneBckue) ceMagOpbl — 3TO MEXAHU3M B3aUMHOTO UCKJIOUEHUS JIJIsT 3AIU-
THI KPUTUYHOTO DA3/eJisieMOr0 PECyPCa; ONPeesIeHbI CIIeIyIOIne IeMEeHTaAPHbIE Olle-
panuu:

* B3aTh (ecym cemadop yxke “B3aT’ mpyroill 3amadeil, TO 3TA ONEPAIWs TEPEBOAUT
33189y B COCTOSIHUE OXKUAAHUs 0CBOOOXKAeHus cemadopa),

* BepHYTH (ecim cemadOp OXKMIAETCS APYTOH 3amadueil, TO OHA, MOMKET OBITh AKTH-
BHU3UPOBAHA, U MOXKET BBITECHUTH TEKYLIYIO 33/a4y, HAIIPUMED, €CJIU €€ IIPUOPUTET
BBIIIIE),

* TIONMPOOOBATH B3ATH (eciau cemadop CBOOOJEH, TO B3STh €ro, MHAYE BEPHYTH IIPU-
3HaK 3aHsTOCTH cemadopa 663 nepeBoa 3343491 B COCTOSIHUE OXKUJIAHUST; UCIOJIb-
3yercsi, ecu 33,1393 MOXKET IPOJO/KUATEL paboTy 6e3 3arpeboBaHHOrO pecypca, Ha-
IpUMEp, €CJIM MOXKHO UCIOJIb30BaTh JPYrOil Pecypc).

Onun cemadop MOXKET OXKUIAATHCH HECKOJLKMMU 33/a4aMu, [I09TOMY CUCTEMA Opra-
HU3yeT o4epensb 3a74a4, oxupaomux cemadop. B 9roii ouepemu moryT ObITh 33789U C
Pa3HBIM IIPHOPUTETOM, IOITOMY JTOJZKHA OBITH BO3MOXKHOCTD YIPABJIEHUS] TIOPSIIKOM aK-
TuBU3aIMK 3334 u3 oyepemu (B nmopsake nocrymienus (FIFQ) unu B mopsizke mocryn-
JIEHUSI, HAUMHAS C CAMBIX IPHOPUTETHBIX (Takas OYepe/ib HA3BIBAETCs TPUOPUTETHO)).

— CuerHbie ceMaOphl — ITO MEXAHU3M B3aUMHOIO MCKJIIOUEHUs JIJIsl 3aIUTHI PECYPCa,
KOTODBIIl MOXKeT ObITh OHOBPEMEHHO MCIOIL30BAH HE 00J1ee, YeM OrPAHUIEHHBIM (DUK-
CHPOBAHHBIM YHUCJIOM 33734 (HampuMmep, 4-X KaHAJBHBINA IIOPT BBOJA/BBIBOJA MOXKET
OBITH MCIOJB30BAH HE OOJlee YeM YeThIPbMS 33JaYaMu, TPEOYIIUMY TI0 OJHOMY Ka-
Hasy kaxkzuas). Cemadop npezncrasisier cob0il CYETUYUK, YMEHBIIAEMBIH IPU KAXKIOM
BbIJIAY€ PECYPCA M YBEJIMYMBAEMbIH [IPU KAaXKJIOM ero Bo3spainenunu. Eciau cuerduk He
HAXOIUTCS B 33JJAHHOM Jmana3oHe (pecypca Gombie HeT), TO Ipu 3aTpeboBaHu Pecyp-
ca 3a/1a4a nepeiiger B cocrosinue oxunanusi. Haj cemadopom onpeiesenst cieyomnme
3JIEMEHTaPHBIE OTIEPAIUN:

* B3ATb k equuul u3 cemadopa, T.e. yMEHbIIUTb CUeTINK HA Kk (eC/IM B CUETUUKE HET
k emuHuMI, TO 3TA OmEpalMs IEPEBOAUT 33134y B COCTOSHUE OXKMIAHUS HAJIMINS
KAK MUHUMYM Kk emuaun B cemadope),

* BEpHYTb k emuuuil B ceMadop, T.€. yBEJUIUTD CUeTIVK Ha k (ecnu cemadop 0xu-
IaeTcst Apyroi 3amadeit u eit Tpedbyercst He OGosiee k e€IMHMI], TO OHA, MOXKET OBITH
AKTUBU3VWPOBAHA M MOXKET BBITECHUTH TEKYUIYIO 33739y, HAIIPUMEpP, €CJIN ee IIPUo-
DUTET BBILIE),

* TIONpPOOOBATh B3ATh k emunul u3 cemadopa (ecau cemadop cBOOOIEH, TO B3ATh k
€JIMHMII U3 €70, NHAYE BEPHYTH MPU3HAK 3aHATOCTH ceMadopa 6e3 mepeBoia 3a1a49u
B COCTOSIHUE OXKUIAHUS).

Kak u mist 1BOn9HbBIX ceMadOpOB CUCTEMa OPraHU3yeT MPHOPHTETHYIO OYepenb 3aa4,
oxkugaonmx cemadop.

e Mozmens KJIMEHT — cepBeP — 3TO BHICOKOYPOBHEBbIH KOMOMHUPOBAHHBIN MEXAHU3M KOMMY-
uukanuu 331a4. Cocrout u3 ovepeau nepemasaeMoii uadpopmarmu (coobienuit) u cobbiTus,
TIOCHLIAEMOr0 B CJIyUae, €CJIM OUYepeIb HE IyCTa.

B macrosiuii MOMEHT CTAHIAPT PA3BUBAETCS JIJIST TIOMIEPKAHUS:
e TpeboBaHMIt “KECTKOr0” PeasibHOrO BPEMEHH,

® HE3ABUCUMOCTU OT OKDY»KeHUs (TWUIA NPOLECCOpa, BUAA KOMOBIOTEPA, S3bIKA PA3pabOTKu
NPUIIOKEHNIA ),

® DacHpeeSIeHHBIX M MHOT'OIIPOIECCOPHBIX BBIYUCIICHUI,

e TpebOBaHUIl MOBBIINEHHON HAIEKHOCTH.
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4. Tunbl apXUTEKTyp ONEPAIMOHHBIX CHUCTEM PEaJbHOTO
BpeMEHU

B sTom paszgene mbr paccMoTpum 6Aa3UCHBIE TPUHUMITBI BHYTPEHHETO YCTPONCTBA OMEepannoH-
HBbIX CUCTEM PEAJILHOrO BpeMeHU. Mbl PACCMOTPUM KJIACCUYIECKUIA 1 00BEKTHO-OPUEHTUPOBAHHBIH
noxozpt K nocrpoennio OCPB, a rakke Tpu ocHoBHbIx THna apxurektyp OCPB:

1. MOHOJIUTHBIH,
2. MOIyJbHBIH,

3. 0ObEKTHBIHA.

4.1. OO0bEKTHO-OPMEHTUPOBAHHBIN II0X0/ B IMPOrPAaMMUPOBAHUNI

Paccmorpum kparko, HA ypOBHE Wi, OYEHb MOMYJSPHBIA B MOCTEIHEE BpeMsi “00beKTHO-
OPHEHTUPOBAHHBIN IOAX0H’ K pa3pabOTKe [POrpaMMHOIO 00eCIeYeHus.

Besikast mporpamma, paforaomast (yIpasisiiomas, aHATM3UPYOMAS U T.2.) ¢ HEKOH CHCTeMOM
(mporpammHO#i, anmaparHoit u T.1. ), hakTuaeckn paboTaer ¢ HeKuM (hOPMATU3OBAHHBIM MPEICTAB-
JienueM 06 3TOM CUCTeMe, HA3bIBAEMOM MoAelibio. O6beKTHO-OPUEeHTUPOBAHHBIA MOIX0M —
9TO TEXHWKA TOCTPOEHUSI U OMUCAHUS ITOUW Momem. B 3TOM TeXHUKE Mbl MOIEIUPYEM CUCTEMY
KaK HEKOTOPOE KOJIMYECTBO B3aUMOIEUCTBYIOMMUX 00beKTOB. TakuM 00pa30M, BHE 3aBUCUMOCTH OT
THIA MOJEJIMPYEMOM CHCTEMBI MbI IIPECTABIISIEM €€ COJEPKAHNE KAK HA0OP OObEKTOB ¢ TEMU WU
WHBIMY CBsI3siMu MexK 1y HuMu. Kakue 00beKThl OyAyT BKJIIOUEHBI B MOJIE/Ib U KAKUE CBSI3U MEXKJLY
HUMU OYIyT YYTEHBI B MOJEJN, 3aBUCUT OT MMOCTABJIEHHON 33JIa49H.

YestoBedecKOe MBIIIJIEHUE BOCIPUHIMAELT OKPYKAIOIMUNA MUP B TepMUHAX 0OBEKTOB. IloaToMy
[IPU UCMOJIb30BAHUU O0BEKTHO-OPUEHTUPOBAHHOTO TOAXO0A YEJIOBEKY JIerde CO37aBaTh MOJENb,
¥ CamMa MOJEJIb TOJydaeTcsl MOHsATHEee U Golee COOTHOCUTCS ¢ peanbHOCThIO. [[j1s BHECEHUST
yTOquHI/Iﬁ B MOJ€EJIb I/I/I/I.TH/I ee MOﬂI/Id)I/IKa]_H/H/I 9aCTO AOCTATOYHO BHECTU JIOKAJbHBIE U3MEHEHN A
B OJIUH OO'BEKT.

4.1.1. O6beKTHI

O6bekT xapakTepu3yercs HAbOPOM OTIEPALWii U COCTOSTHUEM, 3aTTOMUHAIONTUM 3P (HEKT OT 3TUX
onepaiwmii. CHapyu 00beKTa (T.€. UCHO/IB3Ysl €r0 B MOJIE/U) Mbl BUJUM TOJIBKO 3TU ONEPALIAU, HO
HE TO, KAK OHU yCTPOEHbBI U KaK paboTaioT. BuyTpeHHOCTH 06beKTa (€ro BHYTpeHH st nHMOPMAIHs )
CKPBITA, OT JAPYTUX O00BbEKTOB. JIpyruMu CjioBaMu, OOBEKT XaPAKTEPU3YETCS TEM, UTO OH BBIMOJI-
HsieT, HO HE TeM, KaK OH 3TO jeJjiaer. BHyTpu 00beKTa Mbl MOXKEM BUIETH €ro WH(MOPMAIMOHHYO
CTPYKTYPY ¥ Jerajid peajusanuu ero onepaiwii. B uadopManuonHoi CTPYKTYpe BBIAEJSIIOT TPU
KOMIIOHEHTHI:

e aTpubyTHI 00HEKTA — OCHOBHBIE XaPAKTEPUCTUKN, KOTOPbIE HA/IO IOMHUTH 00 00beKTe;

e gacTu 06BHEKT (€CM TIPUCYTCTBYIOT) — 9TO APYTHE O0BEKTHI, U3 KOTOPBHIX COCTABJICH JAHHBIN
00BEKT, KOTOPBII B 9TOM CIIy4ae HA3BIBAETCS arperaTHbIM (COCTABHBIM) (HATTPUMED, OOHEKT
“gesioBeK” MOXKeT OBITH MPEICTABIEH KaK COCTOAMI 13 06HeKToB “pyka’, “Hora” u T.1.),

e IIOBeJieHHEe 00BEKTa — 3TO HADOP OIepalnii ¢ OObEKTOM.
OrHOLIEHNST MEXKTy 0OBEKTAMU B MOIEIU PA3IAEISIOT HA

— cTaTU4YecKue, CyIECTBYIOIINE B TEUYEHNE AIUTEFHOTO BPEMEHU U MOJAPA3YMEBAIOIINE, UTO
B3aMMOIEUCTBYOIIE O0BEKTHI 3HAKT O CYIIECTBOBAHUU APYT APYTa;

— JAWHaAMH4YecKue, KOrga O0beKThl yCTAHABJIMBAKT CBsI3b MEXKY c000# B mporecce paboThL.
Otu orHOmeHust mexay obbekramm A m B peanusyiorcs B Buue nocbuiku obbekTom A
3ampoca Ha, BBITIOJHEHNE TOM 1 uHOM onepanuu (06bekra B) o6bekry B. C nporpaMMHOit
TOYKH 3PEHUsI TIOJT 3aIPOCOM OOBIYHO MOHUMAIOT MOCBHLIKY COODIIEHUSL.
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4.1. O6beKTHO-OPHEHTHPOBAHHBIIH ITOX0A B IPOrPAMMHDPOBAHUH

Best undopmanusi B 06 beKTHO-OPUEHTHPOBAHHON CUCTEME XPAHUTCS B €€ 00bEKTAX, W BBIMOJI-
HUTH C Hell Kakoe-jubo AefiCTBHE MOXKHO, TOAHKO TOCTIaB 00BHEKTy(aM) 3ampoc Ha, BBIIOJHEHUE
sroro jpeiicreusi. [loBenenue u uudoOpManysi HHKANCYJIAPOBAHBI B 00bekTe. OOBEKTHI, TAKUM
0b6pa3om, 006eCreYnBaT COKpPhITHE NH(PpOPMAIHAH.

ITousitre 06bEKTA TECHO CBSI3aHO C MOHSTHEM “abCTPAKTHOIO THIA JAHHBIX . ABCTPaKTHBIHN
TUN JAaHHBIX — 3TO MOJENb (CTPYKTypPa JAHHBIX) C ONPEIEJIeHHBIM HAOOPOM Omepanuii, Bo3aeii-
cTBytonmx Ha, Hee. [IpenmyinecTBa aOCTPAKTHBIX TUTIOB JAHHBIX:

— OHH MOTYT OBITH WCIOIB30BAHBI HE3ABACHMO OT WX PEAU3AIMU (MEXaHU3Ma, COKPBITHS WH-
dbopmarym),

— OHM IPOCTHI: UX HOJH30BATEb HE MOXKET ObITh BOBJIEYEH B MX JIOTUYECKYIO CTPYKTYPY, [O-
CKOJIBKY MOKET OLEPUPOBATH JIUIIbL C UX CrenuduKkanmei.

[IpenmyimecTBa UCTIONB30BAHUST OO HEKTOB:
1. [IBoitHasa 3amuTa:

e Buyrpnu 00berTa. ATprOyTHI 00bEKTA MOTYT OBITH U3MEHEHBI TOJILKO BHYTPEHHUMH Me-
TogaMu 00bekTa. Ilonbp30BaTeII0 HE HAZIO 3HATH PEAJIM3AIMIO STUX METOIOB.

e Bue o6bekta. OOBEKT HE 3HAET CBOErO OKPYKEHUSI ¥ HE MOXKET €ro CIIydaiiHo Moaudu-
mpoBaTh. TOMBKO caM OOBEKT OTBEYAET 33 CBOE TIOBEJIECHUE.

2. MoaysibHOCTB: NPWIOXKEHUE COCTOUT U3 00BbEKTOB, 0OMEHUBAIOIIUXCS COOOIIEHUSIMHU.

3. Jlerkocth OTJIAAKU U COIIPOBOXKAEHUSA ABJIACTCA CICACTBUEM 3AIMUIEHHOCTU U MOy JIb-
HOCTH.

4. TloBTOpPHAas UCIOIB3yE€MOCTh: XOPOIIHUi OOBEKT HE 3aBUCUT OT CBOEr0 OKPYIKEHUsS U MO-
KeT ObIThb 0e3 mpobJieM KCIONb30BAH HA APYroil apXuTEKType IIPOLECCOpa WM B APYroi
3a7a4e.

4.1.2. Kiacchl U IIpeaCcTaBUTEIN

Jnst onucanusi 00bEKTOB, NMEIOMINUX OJUHAKOBOE IIOBE/IeHIE 1 MHMOPMAIMOHHYIO CTPYKTYDY,
BBOJST NOHsITUE KJacca 00bekToB. Kirace npeacrasisier coboit mabsioH st CO3aaHus 00bEKTOB
Y OINIPEJEJIsieT BHYTPEHHE yCTPOMCTBO 3THX 00beKTOB. OOBEKTHI OIHOIO KJIACCA UMEIOT OJMHAKO-
BOE OlNpeJesieHne JJjisi CBOUX Onepanuii 1 nH(GOPMALMOHHBIX CTPYKTYpP. He ciemyer myrars Kjace
obbekTa U ero Tur. THI onpesessieTcs HAOOPOM OIepalyii, KOTOPhIE C HUM MOXKHO IIPOU3BOJIUT.
Kuacc ke Bkodaer B ce0st, IOMUMO 3TOTO, ele HHQPOPMAIHMOHHYIO CTPYKTYpYy. [loaTomy MoxkHO
paccMaTpuBaTh KJIACC KaK OJHY M3 BO3MOXKHBIX Deasn3aluii TUIa.

B 06beKTHO-OPUEHTUPOBAHHBIX CUCTEMAX KAXKbIM OOBEKT MPUHALJIEKUT HEKOTOPOMY KJIAC-
cy. ObbekT, IpuHAIIeKAIUN HEKOTOPOMY KJIACCY, HA3BIBAETCS IIPEICTABUTEIEM 3TOr0 KJIACCA.
Yacro TepMunb “00beKT’ 1 “IpeacTaBUTEIEM KJIACCA’ MCIOIL3YIOTCS KAK CHHOHMMBI. TakuMm 00-
pa30M, MPeACTABUTEJIb — 3TO 00bEKT, CO3AaHHbII 10 Kaaccy. Kiacc onucbiBaer (MOBEIEHIECKYIO
u nHQMOPMAIMOHHY0) CTPYKTYPY NPEACTABUTEJsI, & TEKYIIEe COCTOSHUE MPEICTABUTES OIPEIe-
JISIETCST ONEPALUSIMHU, BBIIOJIHSIEMbIMYA C HUM.

4.1.3. ITonnmopdusm

JnHaMu9eCcKoe B3auMOIECTBUE IPEICTABUTENIEN, CO3IAHHBIX U3 KJIACCOB, OMPEIEISIET TOBEIe-
Hue mozenu. B3anMoneiicTBre mpencTaBuTesiell OCYIECTBIISETCS IyTEM MOCBLIKA 3aIPOCOB MEXK-
ny Huvu. Ecim npencTaBUTEb MOCHIIAET 3aMPOC M €My He BAXKHO, K KAKOMY KJIACCY MPUHAJ-
JIEXKUT TPEACTABUTE/Ib—TIOLYYaTEb, TO TO HA3BIBAIOT mosmMopduamom. pyruvu ciaoBaMu,
noTuMOpP@U3M 03HAYAET, YTO OTIIPABUTEIO 3AIPOCA HE TPEOYETCs 3HATH KJIACC IPEICTABUTEIISI—
MTOJTY YA TeJIsl; TPEICTABUTEIHb—TIOIY 9aTE/b MOXKET TIPUHAJJIEXKATH JIIOOOMY KJIacCy.
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4. Tumbl apXUTEKTYD ONEPAIHOHHBIX CHCTEM DEAJTHHOI'O BPEMEHH

O1HaKO0, OOBIYHO UCTIOIB3YIOT MOHITHE OTPAHUYEHHOT'0 MOJIMMOP(U3IMa, KOT/Ia HA BO3MOXK-
HBIE KJIACCHI MPEICTABUTENS—TIONyYaTe/si HAKIAIbIBAIOT HEKOTOpPhIe OrpaHWYeHUsi. B KadecTse
TAKUX OrPAHWYEHWH OOBITHO BBICTYTAIOT TPEOOBAHUS HACIENOBAHUS (CM. HUZKE) OT HEKOTOPOTO
KJIACCA.

Ionumopdusm mo3BOISET AMHAMUYECKU U3MEHUTH YIPABJIsIEMbIil 00beKT 663 M3MEeHeHus mo-
BeJIeHUsI YIPABJISIONEro o0bekTa. Hampumep, 3ameHa 0O0beKTa “JIEKTPUYECKUIN BUTATENH’ HA
00beKT “IBUraTEIb BHYTPEHHErO CrOPAHNST HE MOBJIMSIET HA, O0BEKT “yIPaBISIONEe YCTPOUCTBO”
KCIOJIB3Y O a0CTPAKTHBIN 00bEKT “ABuUraresn’.

4.1.4. HacnegoBauue

HpI/I ONMNCAaHUU KJIACCOB MOXKHO 3aMETUTH, UYTO MHOTHUE U3 HUX UMEKT O6I].[I/Ie XapPaKTEePUCTUKN
(noBemenueckue U MHMOPMANMOHHBIE CTPYKTYPbI). Mbl MOXKeM cOGpaTh OOIIMe XAPAKTEPUCTUKA
B OOUH CHeILHaJII:HI:IfI KJIaCC U COEJIaTh OCTAJIbHBIE KJIACChl €0 HacJie JHUKaMM. B sTom ciy4vae
pU OMUCAHUN ITUX KJIACCOB MBI JTOJIZKHBI 6y,&eM JIUIITb ONMUCATH ,Z[O6a,BOLIHI)Ie KOMTIOHEHTHI, CIie-
I.II/I(i)I/I‘*IHI)Ie JJId KaXKIO0TO M3 KJIACCOB. FOBOpSIT7 yro KjJacc B aBasercsa HacCJIEJHUKOM KJIaCCa
A, ecnu onepanyu u uHGOPMAIMOHHBIE CTPYKTYPbI, OMUCAHHBIE B Kjacce A, SIBJISIOTCS 9aCThIO
(momMmuOX)ecTBOM) Kiaacca B. Ilpu srom kmacc B Ha3bIBaroT HOTOMKOM Kiacca A, a kiacc A —
npeakom s kiaacca B. Eciu kiace B sBiisiercs HeIIOCpPeACTBEHHBIM IIOTOMKOM KJjacca A,
TO €ro Ha3bIBAIOT JOYEPHUM, a KjiacC A — pOANTEIbCKUM it Kjiacca B.

HacnemoBanue mo3Bosisier MOBTOPHO MCMIONB30BATH 06mme onucanusi. C MPOrpaMMHOM TOYKA
3PEeHHUsI ITO O3HAYAET BO3MOXKHOCTH IIOBTOPHOI'O MCIOIb30BAHUS CYIIECTBYIOIIErO KOZa, YTO YacTo
PaCCMATPUBACTCS KAK OCHOBHOE IIPEMMYIIECTBO 00 beKTHO-OPUEHTHPOBAHHOIO IIOAXO0/1A.

HpI/I HAC/JIeJOBAHUN MBI TaKXKe MMeeM elle OJHO NPEuMyIneCTBO. ECJII/I MBI XOTHUM HU3MEHUTH
XapaKTEPUCTUKU KJIACCA IIPEIKA, TO 9TO HAJO CAEJIATh TOJHKO B OJIHOM MECTe — B €rO ONHCAHHH.
HpI/I 9TOM 3THU U3MEHEHUA 6y,[1yT aABTOMATHU4YE€CKH BHECEHBI BO BCE €0 IIOTOMKH.

ITpn HaCIEMOBAHMY HEKOTOPBIE IOBEIEHIECKHE U /M nHGMOPMAIMOHHBIE CTPYKTYPBI MOTYT Ie-
PeoIpesiesIsITh COOTBETCTBYIOIINE CTPYKTYPHI npeaka. [lepeonpenesieHus siBasieTCs JOCTATOYHO
JIETKUM U1 FI/I6KI/IM CHOCO6OM IOCTPOEHU S HOBBIX KJIACCOB, HO OHO 3aTPYAHACT ITIOHUMAHUE UEPAPXU-
YEeCKOM CTPYKTYPHBI KJIACCOB, IIOCKOJIBKY ITIOTOMOK HaC/JIEeAyeT TOJbKO 9aCTh XapPAaKTEPUCTUK IIPEIKA,
a ApPYTryI0 4aCThb IIepeonpesiesnder.

HacsenoBanue MOXKET UCHIOIB30BATHCS JJIsI CIIELYIONUX IeJIeit.

1. HOBTOpHoe UCIIOJIb30BaHU€ KOoJia C TOMOIIBI0 HACTIEJOBAHUA MOXKET IIPOABIATHCA IBYyMHA
MyTAMUA:

a) y JBYX KJIACCOB HAXOAUTCS OOINAsi YaCTh, OHA BBIIEISETCS B abCTPAKTHBIN KJacc, KO-
TOPBIN HACJIELYETCS STUMU KJIaCCaMMU;

6) HAXOMUTCS MOAXOIAMUIA KJIacC B OMOMMOTEKE KJIACCOB U CTPOUTCS €rO MOTOMOK, 00J1a-
JAIOMYA Hy>KHBIMUA CBOUCTBAMU.

2. IToctpoenue moaruna. Eciau noroMka kiacca A MOXKHO UCIOIB30BATH BO BCEX MECTAX, TJI€
UCTIOJIB30BaH KJacc A, TO TOBOPSAT, YTO KJIACCHI MOBEIEHYECKN COBMECTUMBI, 3 TIOTOMOK
[IPEeICTABJISIET OAKIIACC KIacca-npeaka. Ha mpakTuke 3T0 03Ha4AET, YTO IIOTOMOK UMEET TOT
JKe TPOrPAaMMHBIN HHTEPQENHC, 9TO U TPEJOK. ITO OOBIYHO IIOJLYYAETCS, €CIN HACIEI0BAHNUE
00pa30BaHO TOJIBKO DACIIMPEHHEM, & He II€PeOlpe/iesieHUeM, CTPYKTYD B IPeJKe, IpudeM
pacIupeHre He HAJIOKUJIO HUKAKUX JIOMOJTHUTEIHbHBIX OFPAHUYEHUH HA, CTPYKTYPbI MIPEIKA.

3. Cnenmanmsanusi Kjaacca. Ecau noroMok mMomuduiimpoBaH TpU HACIEIOBAHUU TaK, UTO
OH DO0JIee HE SBJISIETCS MOBEIEHYECKH COBMECTUMBIM C IIPEJIKOM, TO TOBOPSIT, YTO KJIACC OBLI
cnenpanu3upoBad. OBBIMHO 9TO O3HAYAET, YTO IACThb omepanuil u/mmm uH(pOPMANMOHHBIX
CTPYKTYD, ObLjIa mepeomnpeiesieHa Win yaaJeHa.

4. KonnenryajabHada. Vcnoip30BaHne UAEH HACICIOBAHUS MIPOSIBJISET IIPUINHHO-CIEICTBEH-
HbBbIE CBA3U U SABJISETCSI UHTYUTUBHO MOHATHOM.
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4.2. Knaccudeckuii u 00beKTHO-OPHEHTHPOBAHHBIE moaxonbl kK nocrpoernio OCPB

4.

2. Knaccuyeckuii m 00BbEKTHO-OPUEHTHUPOBAHHBIN MOAXOJAbI K IIO-
crpoeauno OCPB

B cuny mpenmyimecTB 00BbEKTHO-OPUEHTUPOBAHHOIO MMOAX0/13, MPUIOKEHUST CO3IAITCS HA €ro
OCHOBE, UCITOJIb3YsI TOT WJIM WHOHN sI3bIK MPOrPaMMUPOBAHUS, HAWJIY UM 00Pa30M MOAIEPKUABA0-
Ui 3TOT MOAXO0A. APXUTEKTYPhI XK€ KJIACCUIECKHNX OINEPALUOHHBIX CUCTEM PEAJbHOIO BPEMEHHU
ocHoBaHbl Ha apxutekTypax UNIX cucrem m uCHOMB3YIOT TPAJUIIMOHHBIN IPOLE Y PHBIN MOAX0 K
nporpaMmMupoBanuio. Coderanre 00 bEKTHO-OPUEHTUPOBAHHBIX MPUIOXKEHW U TIPOIELYPHBIX OTe-
PAIMOHHBIX CHCTEM UMEET PsiJi HEJOCTATKOB.

1.

2.
3.

TIponcxoauT paspblB MapaJurMbl MPOTPAMMUPOBAHUS: B €IUHOM PabOTAIOMIEM KOMILIEKCE
(mpusoxkenue + OCPB) pasHble KOMIIOHEHTBI UCIIOIB3YIOT PA3HBIE IOAXOAbI K pa3paboTKe
[IPOrPAMMHOI0 0OeCIIeYeHUsI.

He ucnosib3ytorcst Bce BO3MOXKHOCTH 00'bEKTHO-OPUEHTUPOBAHHOI'O TIOAX0/A.

Bo03HUKAIOT HEKOTOpBIE TOTEPU NPOM3BOIUTENIBHOCTH M3-33 PA3HOrO TUIla, MHTEPQEHCOB B
OCPB u npuisoxenuu.

EcrecrBenno Boznukaer unesi crpoutb camy OCPB, ucnonb3ysi 06beKTHO-OPHUEHTUPOBAHHbIIA
noaxon. Ilpu sTom

KaK IIPUJIO2KEHHNE, TaK U OllepalruOHHaA CHCTEMa ITOJIHOCTBHIO O6’beKTHO—OpI/IeHTI/IpOBaHbI u
HUCIIOJIB3YIOT BCE MPEUMYIIECTBA 9TOrO IMOAX0Oaas

nputoxkerne u OCPB moryT ObiTh IOTHOCTBIO HHTETPUPOBAHBI, IIOCKOJIBKY UCIOIB3YIOT OfUH
00bEKTHO-OPUEHTUPOBAHHBIN SI3bIK TPOrPAMMUPOBAHMUST;

obecrieunBaercs corsiacoBanue uuarepdeiicos OCPB u npunoxenust;

npuitoxkenue Moxer “monenuposart’ OCPB s cBoux norpebHOCTEl, 3aKa3bIiBasl HYKHbBIE
eMy OOBEKTHI;

enunbIil KomIutekce nputokenne + OCPB siBsisiercst MOZAYIBHBIM U JIETKO MOIEPHU3UPYEMBIM.

W nes peanuszosana B OCPB SoftKernel, neaukom nanucannoit na, C+—+.

4.3. MoHomuTHasE apXuTEKTypa

OCPB ¢ MOHOJIUTHOM APXUTEKTYPOl MOYKHO MPEJICTABUTH B BUIE

MPUKJIAIHOTO YPOBHS: COCTOUT U3 PAOOTAIONMX MPUKJIAIHBIX POIECCOB;

CHCTEMHOTO YPOBHS: COCTOMT M3 MOHOJHMTHOTO SiZipa ONEPAIMOHHON CHUCTEMBI, B KOTOPOM
MOZKHO BBIZIGJIUTD CJIEIYIOIIAE YACTH:

— unaTepdeiic Mexay npusokenusmu u aapom (API),

— COOCTBEHHO siIPO CHUCTEMBI,

— uHTepdeiic MexKay sAPOM U 000pyIoBaHuEM (ApaliBepbl yCTPOUCTB).

API B Takux cucremMax Urpaer JBONHYIO POJIb:

1.
2.

yIpaBJjeHNe B3auMOAeUCTBUEM NPUKJIATHBIX IPOLECCOB U CUCTEMBI,

obecreueHue HETMIPEPBIBHOCTU BBINTOJIHEHUSA KOJa CUCTEMbI (T.e. OTCYTCTBUEC TIEPEKJJIIOYCHUA
3aJ4a4 BO BpeMs UCIIOJITHEHUA KOJa CI/ICTeMbI).

OCHOBHBIM TTIPEUMYIIIECTBOM MOHOJIUTHOM APXUTEKTYPHI SIBJISIETCS €€ OTHOCUTE/IbHAs OBICTPOTA,
paboThl 10 CPABHEHUIO C Apyrumu apxurekrypamu. OHAKO, JOCTUraeTCs 3TO, B-OCHOBHOM, 33, CYET
HAIUCAHUS 3HAYUTEJIbHBIX YacTell CUCTEMBI HA acceMmbIepe.

Henocrarky MOHOIMTHOM aPXUTEKTYPHI.
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4. Tumbl apXUTEKTYD ONEPAIHOHHBIX CHCTEM DEAJTHHOI'O BPEMEHH

1. CucremHBIE BBI30BbBI, TPEOYOIIME NEPEKJIOYEHUsT YPOBHEH npuBuieruii (OT MOJIb30BATE b
CKOil 33Ja4u K si/IPY), JOJIKHBI ObITh peanm3oBanbl APl kak mpepbiBanusi wiu JIOByIIKY
(crenmaNbHBIA THN UCKITIOYEHNH ). DTO CUIBHO YBEJIUIUBACT BPEMS X PAOOTHI.

2. dnapo He MOxkeT OLITH NPEPBAHO MONB30BATEIBCKON 3amadeil (non-preemptable). dro mo-
KEeT ITPUBOAUTH K TOMY, YTO BHICOKONIPDUOPUTETHAA 3aJa9a MOXKET HE MOIYyYUTh YIIPABJICHUA
u3-33 paboThl HU3KOMpUOPUTETHOM. Hanpumep, HU3KONMPUOpPUTETHAS 33,0394 3ATIPOCUIIA, BbI-
JeJIeHue MaMdaTu, caeaaaa CUCTEMHBIN BBI3OB, JO OKOHYaHUA KOTOPOTO CUTHAJI aKTUBU3AI[UU
BBICOKOIIPUOPUTETHO! 3303491 HE CMOXKET €€ aKTUBU3UPOBATH.

3. Cl0XKHOCTB MEPEHOCA HA HOBBIE APXUTEKTYPHI IPOIECCOPA M3-33 3HAYUTEIBHBIX acceMOiep-
HbIX BCTAaBOK.

4. HerubKOCTh M CJI02KHOCTb PA3BUTHS: M3MEHEHWE YaCTHU siIPA CUCTEMBI TpeOyeT ero moiHoi
TEPEKOMITUJISIIIUH.

4.4. MoaynbHas apxuTtekTypa (Ha OCHOBE MHUKPOSIpA)

Moy ibHast ApXUTEKTYPa MOSBUJIACH KAK IONBITKA yOparb y3koe mecro — API u obserdursb
MOJIEPHU3AIMIO CUCTEMBI U TIEPEHOC €€ HA HOBbBIE IIPOIECCOPHI.

API B MOIy/IbHOI apXUTEKTYPE UTPAET TOJIBKO OJHY POJIb: ODECTIEYMBAET CBSI3b MPUKJIATHBIX
MPOLECCOB U CIENUAIBHOTO MO JIsi — MEHeIKepa nmpoueccos. O HAKO, TEneph MUKPOSIAPO UTPAET
JBOWHYIO DOJIb:

1. ynpasieHue B3aMMONEHCTBIEM 9aCTeil CHCTEMBI (HAIPUMED, MEHEKEPOB TIPONeccoB u (aii-
JI0B),

2. obecreueHre HENPEPHIBHOCTU BBIMOJHEHUsST KOJIA CUCTEMBI (T.e. OTCYTCTBUE TEPEKJIOYeHUs
33,129 BO BpeMsl UCTIOJTHEHUS MHKposmpa).

Henocrarku MOmynbHON apXUTEKTyphl (DAKTUYECKH Te Ke, 9TO M y MOHOauTHON. [Ipobaemsr
neperu ¢ ypoBusi API ua ypoBerb Mukposiapa. CucteMHbIH MHTEPDENHC TO-TIPEXKHEMY HE JOIyC-
KaeT MMEePeKJII0YeH s 33/1a9 BO BPeMsT pab0oThI MUKPOSIAPA, TOIHKO COKPATHIIOCH BPeMsT IIPeObIBAHS
B 3ToM coctostaun. API no-npexxuHemMy MoKeT GBITh pean30BaH TOJIHKO HA acceMbiepe, mpobaeMbl
C TIEPEHOCUMOCTBIO MUKPOSIZPA YMEHBIIMINCH (B CBSA3Y C COKPAIIEHAEM €r0 PA3Mepa,), HO OCTAJIHUCE.

4.5. ObbekTHasg apXUTEKTypa Ha OCHOBE 00bEKTOB-MUKPOAIEP

B sroii apxurekrype (ucmonb3yemoit 8 OCPB SoftKernel) API orcyrcrsyer BoOGme. B3au-
MOZEACTBUE MEXKJy KOMIIOHEHTAMM CUCTEMbI (MUKDPOSAPAMHA) U TOIH30BATENECKAME IIPOLECCAMU
OCYIIECTBJISIETCSI TIOCPEICTBOM OOBIYHOI'O BBI30BA (DYHKIMI, IIOCKOJBKY M CHCTEMA, U IIPUJIOXKe-
Husl HanuCaHbl HA 0aHOM si3bike (C++). D10 ofecneunBaeT MAKCUMATIBHYIO CKOPOCTD CHCTEMHBIX
BBI30BOB.

DakTUYecKOe PABHONPABHUE BCEX KOMIIOHEHT CHCTEMBI 00ECIIeYMBAET BO3ZMOXKHOCTD MEPEKJIIO-
JeHusi 33134 B JI000€ BpeMsi, T.e. CUCTEMA IIOJHOCTLIO preemptible.

O06beKTHO-OPHEHTUPOBAHHBIHM HOAX0/T 00eCenBaeT MOAYJILHOCTh, 6e30MaCHOCTD, JIETKOCTh MO-
JIEPHU3AIMN U TOBTOPHOTO UCTIOIH30BAHUST KOJIA.

Ponbp API urpaer KOMOuasTop U AuHAMUYECKUN penakTop o0bekTHbX cBsseii (linker). Tlpu
CTapTe MPUJIOKEeHUs auHaMudeckuii linker 3arpy»aer HyKHbIe eMy MUKDOsapa (T.e., B OTIAYIME
OT HPEABLIYIIUX CUCTEM, HE BCE KOMIIOHEHTHI CAMOM ONEPAIMOHHON CHCTEMbI JIOJIKHBI ObITH 3a-
rPY?KEHBI B ONEPATUBHYIO MAMSTH). K MEKPOAIPO y2Ke 3arpyKeHO IJIsi JPYTOTrO MPHUIIOKEHNUS,
TO OHO TIOBTOPHO HE 3arpy’KaeTcsi, a UCHOIL3YeTCsT KO U JAaHHBIE yKe UMEIOIErocsi MUKPOsIpa.
Bce 3t mpreMbl TIO3BOJISIIOT COKPATUTH 00beM TpedyeMoit maMsiTy.

HOCKOHbe paBHbIe HpI/I.HO)KeHI/Iﬂ paBﬂe.HﬂIOT OaHN MI/IKpOﬁﬂpa7 TO OHU JOJI>KHBbI pa6OTaTb B
OJTHOM 3IpecHOM mpocTpancTBe. Cre10BaTeNIbHO, CUCTEMA HE MOXKET HCIOJIb30BATH BUPTYAIBHYIO
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4.6. Crpoenne cucreM peajbHOIO BPEMEHH

HaMATh ¥ TEM CaMbIM PaboTaeT ObicTpee (TaK KaK MCKJIIOYAIOTCS 33ePKKHU Ha TPAHCISIIUIO BUDP-
TYaJIbHOTO aJpeca B (hpu3ndecKuii).

ITockonbKy BCe IPUIIOKEHUS U CAMU MUKPOSIIPA, pabOTAIOT B OJHOM JIPECHOM IIPOCTPAHCTBE,
TO OHM 3arpy2KAI0TCS B MAMsITh, HAYMHAS C HEM3BECTHOrO HA MOMEHT KoMmmnuuisiiuu azapeca. Cie-
JIOBATEIHHO, TPUJIOXKEHNUsT ¥ MUKPOSIPa HE JOJXKHBI 3aBUCETh OT HAYAJBHOrO ajpeca (Kak Io
KOJIy, TAK U IO JAHHBIM (MOCJIEeHEe ODECTIeINTD 3HAIUTEIHHO CJIOXKHEE)). DTO CBOKCTBO aBTOMA-
TUYECKH 00eCHednBaeT BO3MOXKHOCTD 3aNuCh NpujioxKeHnuit u moaysieit B II3Y, ¢ nociaeayommm ux
ucnojHeHneM kak B camoM I13Y, Tak u B OnepaTuBHON MaMsTH.

Mukposizpa Mo CBOMM XapPAaKTEPUCTUKAM HAIOMUHAIOT CTPYKTYDPbBI, UCIOJIb3YEMBIE B IDYIHUX
OIEPALMOHHBIX CUCTEMAX, OAHAKO €CTh ¥ CBOU PAa3/Indus.

e Mukposinpa u moxyiau. Muorune OC noifep:KuBaOT IUHAMUYECKYIO 3arpy3Ky KOMIIO-
HEHT CHUCTEMbI, HAa3bIBaACMbIX MOAYJIAMU. O,HHaKO, MOIYJ/JIX HE TOAJEPXKUBAIOT O6’beKTHO—
OpHeHTHpOBaHHbIﬁ IIOAXO0/, (Ha,I'IOMHI/IM7 MI/IKPOH,[LPO ABJIAETCA (baKTI/I‘IeCKI/I Hpe,ﬂCTa,BI/ITe.HeM
HEKOTOpOro kjacca). Jlasnee, obmen uHbOpManmeil ¢ MOJYJISIMU TIPOUCXOJUT TIOCPEACTBOM
CUCTE€MHBIX BBI3OBOB, YTO JOCTATOYHO OOPOIO.

e Mukposinpa u apaiisepsbl. Muorue OC nomepkuBaioT BO3MOXKHOCTH CBOEI'O PACIITUPEHN S
MOCPEJICTBOM JIPAiBEPOB (CIEMUATBLHBIX MOJLYJIEH, OOBIYHO CIIyKAIIUX JIJIsl TIOAIEPKKHI 060-
pyznosanusi). OnHAKO, ApafiBEpPbl YACTO JOJKHBI ObITh CTATUYECKU CBS3AHBI C sAPOM (T.e.
00pa30BbIBATL C HUM CBSI3aHHBIA 3arpy304HbIi 00pa3 eme 10 3arpy3Ku) U JOJKHBI pabo-
TATH B MIPUBUJIETMPOBAHHOM (CyIEPHONB30BATENBCKOM) pexkume. Jlasee, KAK W MOJYJIU OHH
HE IOAJEPKUBAT O0BEKTHO-OPUEHTUPOBAHHBIH TOIXO0/ U JOCTYIHBI IPUIOKEHUIM TOIBKO
ITOCPEZICTBOM CHCTEMHBIX BBI30BOB.

e Mukposinpa u DLL (Dynamically Linked Libraries, nuaamuvecku cBsi3piBaeMbie 6uOImo-
reku). Muorue cucrembr 0opopMIISIOT GUBIMOTEKM, U3 KOTOPBIX GepyTCst (DyHKIMU IPU JUHA~
MUYECKOM CBSI3BIBAHUM, B BUJE CIEIUATIbHBIX MojyJeil, Ha3bBaeMbix DLL. DLL obecneun-
BaeT pa3/iejieHre CBOEro KOJA U JAHHBIX /sl BCEX PAabOTAIOIIUX IIPUJIOZKEHU, B TO BpeMs,
KaK JJIsi MUKDOSJIED MOXKHO YIPaBJIATH JOCTYIIOM JJIsI KaKJOIO KOHKDETHOI'O IIPUJIOZKe-
vusi. DLL He mommepkuBaer 00bEKTHO-OPUEHTHPOBAHHBINA 1m0axon, kox DLL ne siBnsiercs
MO3UIMOHHO-HE3aBUCUMBIM, U IIOTOMY He MOXKeT ObITh 3amucaH B II3Y.

4.6. CtpoeHue cuCTeM peaIibHOTO BPEMEHU

Cucremy peasibHOrO BPEMEHM MOXKHO Pa3JeIuTh KAK Obl HA TPU CJIOSI:

1. flnpo — comepKUT TONBKO CTPOrUil MUHUMYM, HEOOXOIMMBIN /1151 pabOThI CUCTEMBI: YIIPaB-
JIeHHe 3aJa4aMi, UX CHHXPOHM3allUsd U B3aUMOJEHCTBUe, yIPaBJeHUe NMaMATbI0O U yCTPOH-
CTBaMU BBOJA,/BBIBOJA; Pa3Mep siipa OYeHb OIPAHUYEH: YACTO HECKOJIBKO KUIO0AHTOB.

2. CucreMa ynmpaBJIEHUSI — COJEPXKUT SIIPO U PsiJi TOTOJHUTEIbHBIX CEPBUCOB, PACIIUDSI-
IOLIUX €ro0 BO3MOXKHOCTH: DACIIMPEHHOE YIPABJICHHWE NAMSITHIO, BBOJOM/BBIBOIOM, 33/a-
yamu, daislamMu U T.J4., 0DecrednBaeT TAKXKe B3aMMOAEUCTBHE CHUCTEMBI U YIIPABJISIOIIE-
ro/ynpasisieMoro 060pyJOBaHUSL.

3. Cucrema peaJsbHOTO BPEMEHHU — CONEPXKUT CUCTEMY yIPABJIEHUS U HAOOD yTUJINT: CPEI-
CTBa pa3paboTKu (KOMIMISATOPBI, OTJIAMYUKU U T.J.), CPEICTBA BU3yau3anuu (B3auMOIeli-
CTBUSI YEJIOBEKA, U ONEPALUOHHON CUCTEMBI).

Kpurepun Boibopa OCPB:
® [IPOU3BOJIUTEHHOCT,
® HAJIeXKHOCTb, KPYIJIOCYTOYHASI TOTOBHOCTb,

® TOAJIEPIKKA PA3JIMIHBIX TUIMOB MIPOIECCOPOB,
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5. CHHXpOHH3aIHUA H B3aHMOAEHCTBHE IIPOLECCOB

® [O/JIEPKKA, MHOTOMPOIIECCOPHOCTH,

® Ha/IM4YMe CPeJICTB pa3paboTKu Ha TPeOyeMOM sI3BIKE,
® HAIMYME MEXAHU3MOB PEAJBHOIO BPEMEHHU,

e TOIePKKA (PANIOBOM CHCTEMBI.

Posib yupasasrowmeit cucrembr QCPB:

® YIIPABJAAET B3aUMHBIM HCKJIIOYEHUEM U BBH,HMO,ILQI‘;ICTBI/IGM 3aJa4 OJjid ONTHUMU3AIUU BPEMe-
HU KUCIOJIB30BAHUS MPOIIECCOPA; YIIpaBjeHue OCHOBbIBaeTcs: Ha Bexymuxcs OCPB Tabaumax
JEeCKPUNTOPOB 3a1a4;

® [IPEOCTABJISACT PUJIOXKEHUI0O OCHOBHbIE BO3MOXKHOCTH I10 YIIPABJICHUIO BpeMeHeM, mepude-
PUUWHBIMU yCTPOUCTBAMU, B3AUMOIEHCTBHUIO C ONIEPATOPOM;

e TIpenocTaBiisier HADOp OubaumoredHbx (MYHKIMA s yI0OHOTO JOCTYIE, K BO3MOXKHOCTSIM
CUCTEMBI, HAIIPUMEP, IOYTOBbIE SIIUKH, CeMA(MOPLL U T.J.

® 33aHHUMACTCHA IIJIAHUPOBAHUEM 33a1a4.

5. CuHXpoHHU3aIusa U B3aNMO/IeiCTBIE IIPOIECCOB

Jocryn npoueccos (3a31a4) K pa3M4HbIM pecypcam (OCODEHHO Pa3e/sieMbIM) B MHOI033,1a4-
HBIX CUCTEeMAax Tpedyer CMHXpOHU3anuK AeHCTBUi 3Tux nponeccos (3ama4). Crocobbr oCymecTsIIe-
HUS B3aUMOJEHCTBHUSA NOAPA3ALIAIOT Ha:

e Oe3omacHoe B3aMMOJEMCTBHE, KOrja OOMEH JAHHBIMU OCYIIECTBJISIETCS IIOCPEICTBOM
“00beKTOB” B3aMMOAEMCTBYS, IIPEJOCTAB/IIEMbIX CUCTEMOI; IIPU 9TOM LEJIOCTHOCTh UHGpOP-
MAIU ¥ HEJEJUMOCTb ONepanuii ¢ Heo (T.e. OTCYTCTBUE HEXKEJATEJIbHOrO MEPEKJIIOYEHUS
3a/1a4) HESIBHO OOECIEYUBAIOTCS CUCTEMOI; IPUMEPAMU TaKuX “00beKTOB” B3auMOAeiCTBUS
SABJISIOTCS cCeMadOPBbI, CUTHAJIBL ¥ IQYTOBBIE SIIUKH;

e Hebe3omacHoOe B3amMoOAeHcTBHUE, KOraa OOMEH JAHHBIMHU OCYIIECTBJISETCS IIOCPEICTBOM
pa3nenseMbIx pecypcoB (Hampmmep, OOIUX MEePEMEHHBIX), He 3aBUCUMBIX OT CHCTEMHBIX
00'BEKTOB B3aMMO/IEHCTBYST; IPU ITOM I[EJIOCTHOCTb WH(OPMAINY U HEIEJIUMOCTb SIBHO 0DeC-
MEYUBAECTCS CAMUM OPUJIOXKEHUeM (B MOAABJSIIONIEM OOJBIIMHCTBE CIYYAEB — MOCPEICTBOM
TOrO UJIM MHOI'O CUCTEMHOrO OObEKTa, CHHXPOHU3AUMN U B3aUMOJAEHCTBUS).

ITockonbKy muist 11000T0 THTIA B3aMMOAEHCTBUST TPEOYIOTCSI CUCTEMHbIE O0BEKTHI CHHXPOHU3AIINN,
1o Bce umenoumecs OCPB mpenocTaBisiior mpuyioyKeHWsIM HEKOTOPBIX HAbDOp TaKMX OOBHEKTOB.
Huke mbr paccMOTpUM Camble PACHPOCTPAHEHHBIE U3 HUX.

5.1. Cemadopsl

Omnpegenenne. Cemadop — 970 00BEKT CHHXPOHUBALUH, 33JAIOMIUH KOJIUIECTBO MOJIH30BATE-
Jieii (33124, IPOLECCOB), UMEIOMIUX OJHOBPEMEHHBIH JOCTYI K HEKOTOpoMy pecypcy. C KaxKbim
cemadopoM CcBsi3aHbl cueTduk (3HaueHue cemadopa) U Ovepeb OXKUAaHUs (IIPOLECCOB, 3a1ad,
OXKUJAIONUX NPUHATHE CIETIUKOM OIPEeIEHHOrO 3uadenus). Paziuaator:

® IBOHMYHBIC (6yJIeBCKHe) ceMaopbl — 3TO MEXaHW3M B3aWMHOIO HCKJIIOYEHUS IJIsl 3aIMUThHI
KPUTUYHOTO PA3JEISIEMOrO PECYPCa; HAYaIbHOE 3HAYEHNE CIETINKA, TAKOro ceMadopa paBHO
1;

® cuerHbIe ceMadOPhI — ITO MEXAHU3M B3aMMHOI'O UCKJIIOYEHUSI J1JIsi 3AIUTHI PeCypca, KOTOPbIi
MOXKeT ObITh OJHOBPEMEHHO KCIOJIL30BAH HE 0Oojiee, YeM OrpaHUYEHHBIM (DUKCUPOBAHHBIM
9UCIOM 331349 N ; HAYAJbHOE 3HAYEHUE CYETUNKA, TAKOro cemadopa PaBHO 7N .
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5.1. Cemacpopsbr

Haz cemadopamu onpeesiens! CIeayromue JeMeHTapable oneparmu (Hmwke k = 1 qyist GyieBckux
cemadopoB)

B3ATh k exunuy u3 cemadopa, T.e. yMeHbUIMTH CYeTyuK Ha k (eciu B cyeruuke Her k
€MHULL, TO T3 ONEPALMS IEPEBOANT 3334y B COCTOSIHUE OXKMIAHUS HAJINIUS KAK MUHUMYM
k emunun B cemadope, u H00ABJISET €€ B KOHEL, OUepeay OXKUIAHUs ITOro cemadopa);

BepHYTh k emuuui B cemadop, T.e. yBeswmaurb cyerdwmk Ha k (ecrm cemadop oxmmaercs
Jpyroii 3amadeii u et Tpebyercst He Dotee, YeM HOBOE TEKyIlee 3HAYEHUE CUETUNKA €IUHMUII,
TO OHA, MOYXKET ObITH AKTUBU3UPOBAHA, YIAJIECHA U3 OUEPEIN OXKUIAHUS U MOYKET BHITECHUTH
TEKYILIYIO 33434y, HAPUMED, €CJIM €€ IPUOPUTET BBILIIE);

nonpoboBaTh B3ATh k exunuy, u3 cemadopa (eciu B cyerynke > k equHULl, TO B34Th k eau-
HUI| 13 €ro, MHAYe BEPHYTb IPU3HAK 3aHATOCTH ceMadopa 6e3 nepeBoia 3a1a491u B COCTOSHIE
OXKMJAHHS );

npoBepuTh ceMadop, T.€. NOJYyIUTh 3HAYCHUE CUCTUNKA;

610KMpOBaTh cemMadop, T.e. B3ITh U3 HErO CTOJILKO EIVHMUII, CKOJILKO B HEM €CThb (IIpU 3TOM
MHOT 13, OBIBAIOT [IBE PA3HOBUIHOCTH STOM ONMEPAIWN: B3ITh CTOJIBKO, CKOJIbKO €CTh B JTAHHBIN
MOMEHT, WJIN B34Th CTOJBKO, CKOJIBKO €CTh B HAYAJbHBI MOMEHT, T.e. MAaKCHMaJIbHO BO3-
MOXKHO€ KOJIMYeCTBO, IMEHHO TIOC/IEHEe OOBIYHO HABBIBAIOT OJIOKUPOBKOM, TOCKOIBKY TAKAsI
3a1a9a GyIeT MOHOIOJILHO BJIAJIETh PECYPCOM);

pa30IoKupOBaATh ceMadOp, T.e. BEPHYTh CTOJBKO €IMHUIL, CKOJIBKO BCErO OBLIO B3SITO JAHHOMN
3ajadel o KOMaHAe OJIOKHPOBATH.

Jloruueckasi CTpYKTypa JABOUYHBIX ceMadopoB ocobenno mpocra. Cyerunk cemadopa § UHU-
nuaamsupyercs 1 mpu co3manvu. st 10CTyma K HEMY ONMpeIesIeHbl B€ TPUMUTHBHBIE OMEPAIUN:

Get(s) — B3sarb (unu 3aKpbITh) ceMadop s, T.e. 3ANPOCUTHL PECYPC; ITA ONEPALUs BHIYUTAET
U3 cueT4duka 1;

Put(s) — BepayTh (WM OTKPBITH) ceMadop, T.€. OCBOOOAMUTEL PECYPC; 9T Onepanus npubas-
JisieT K cueT4duKy 1.

OTH omepanuyu HEAEJUMBbI, T.e. MEPEKJIOYEHNe 3329 BO BPeMsl WX WCIIOJIHEHUS 3aIperneHo. B
nporecce pabOThl COCTOSIHAE CIETUNKA MOXKET ObITh:

e 1 — pecypc cBobo€eH,

e 0 — pecypc 3aHsT, O4€epeb OXKUJAHUS IIyCTA,

e m < 0 — pecypc 3aHAT, B 09€PEM OKUIAHUS HAXOAATCS |m| 3amad.

Paccmorpum npumep.

1.

2.

A.Get — 3amaua A 3aBiaznena pecypcom,

C.Get —3amagua C 3ampocuiia pecypc, KOTOPbIi 3aHST, CIEIOBATEIHHO, 3303493 C' 3a0/10Ku-
POBAHA ¥ TIOMEINEHA B OYepeIb OKUIAHUS,

B.Get —3amaua B 3anpocuiia pecypc, KOTOPbIi 3aHsT, CIeI0BATEbHO, 3a1a49a B 3abmoku-
POBaHA ¥ IOMEMIEHA B OYepenb OKUIAHUS,

A.Put — 3amaga A 0ocBOOOIWIIA, PECYPC, KOTOPBINM ObLI MEepesaH NepBoil 3a1a4de B O4epeu
oxuganus, T.e. C' (KOTOpasi B CBOI0 0Y€PEb AKTUBU3UPOBAHA),

C.Put — 3amaga C' ocBoboausia pecypc, KOTOPbI ObLI [EpeJaH HepBOil 33/a49e B 04epeu
oxujanvs, T.e. B (KOTOpas B CBOIO OYEPEh AKTUBU3UPOBAHA),
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5. CHHXpOHH3aIHUA H B3aHMOAEHCTBHE IIPOLECCOB

6. B.Put — 3amaga B ocBobomguna pecypc, KOTOPbIi OyIeT mepesan mepBoii 3a1a4e, KOTOpast
BeI3oBeT (Get.

NHuorpa paccMarpuBaioT JIMYHBIE WM OpUBaTHBIE cemadopbl. Takoi cemadop co3gaercs
zamadeit T cpa3y B 3aKpbITOM cocTosiHuu. [Ipu 3ToM 3amada T uMeeT mMpaBO BBI3LIBATH TOJBKO
dbyukimio Get, a Bce OCTajibHBIE 33,1394 — TOJMLKO GyHKIMO Put. C moMommpio Takux cemadhopoB
JIErKO OPTaHU30BATH OOMEH MEXKIy 33/]a9aMy N0 THIy KJIUeHT — cepsep. 3anada T (cepsep) cpa-
3y mocse cTapra co3naer gudaHbii cemadop S; u BebBaer Gynkmmio S;.Get(). Tem campiM oHA
6aokupyercsa 10 0cBoboxkaenus cemadopa S1. 3anada Ty (kaueHT) cpasy mOCie CTApTa CO3MAET
JUYHbIH cemadop So, MOATOTABINBAET JAHHBIE B PA3IesseMoil ¢ 3aga4ei T maMsiTH U BBI3LIBAET
dyukuumio S;.Put(). 1o npuBogur K akTuBm3anmu 3agagdu 1. 3amada T mpomosmkaer pabo-
Ty u BbI3bIBaET byHKUMO Si.Get(), Gmokupysich 10 ocBoboxkaeHusi cemadopa So. 3amaga T
(cepBep) nmo oxkonvanumu 06paGoTKU SaHHBIX BbbBaeT Gynkuun Sp.Put(), Si.Get(), akruBusn-
pys 3amaqay T» (kmmenta) u Gnokupys ce0s. Huzke MBI paCCMOTPUM APYTHE CHOCOOBI PeaTA3aim
B3aMMO/IEHCTBUS KJIUEHT — CEePBEp.

5.2. CoOblTUSA

Ounpenesierne. CoGbITHE — 3TO JIOTUIECKUH CUTHAJ (OMOBEIIEHUE), TPUXOSIIMA ACUHXPOH-
HO TI0 OTHOIIEHUIO K TeYeHUI0 mporecca. C KaxKapiM COOBITHEM CBsI3aHBI DYJIEBCKAsT MEPEMEHHAS
FE, npunnmaromasi a8a, 3uadennss 0 — coObITHE He MPUILIO, U 1 — COOBITHE MPUIILIO, U OYEepPeahb
oxujaHus ([IPOLECCOB, 33434, OXKUAA0IUX puxoaa cobbitust). Hax cobbrrusiMu ompeesieHs ciie-
JIYIOIIUE HJIEMEHTAPHBIE OMEPAIHN:

e Send(E) — mocmars cobertue, T.e. ycraHoBuTh nepemennyilo F B 1 (no tpamummm UNIX
cucreM 31y GyHKUMO 00bI9HO Ha3biBaOT Kill, MOCKOIBKY Cpeau COOBITHI OLpEeIeIeHO Ta-
KOe, eIMHCTBEHHON DEeaKIuell Ha KOTOPOE SIBJISIETCS HEMEIJIEHHOE ABAPHUIHOE 3aBEPIICHNE
MOJIyYMBIIEH €ro 3aa41), IIPU 3TOM BCE 33Ja4U U3 0UEPeIu OXKUJIAHUS AKTUBU3UPYIOTCS;

e Wait(E) — oxunarb cobbitusi, (eciu cobbiTus Her, T.e. nepemennas E pasua 0, To 312
orepanysi IepeBOAUT 33734y B COCTOSIHUE OXKHJIAHUS NPUX0na coObITust, u n0OaBiser ee
B KOHEI] O4Yepey OKHUIAHUS ITOr0 COOBITHSI, KAK TOJIBKO COObITHE MPUJET, 331a4da Oyaer
AKTUBU3UPOBAHA);

e Reset(E) — ouncturh (yAaauTh MOCTYNUBINEE COOBITHE), T.€. YCTAHOBUTH NepeMennyio F B
0;

e Test(E) — mposeputh (NOCTYILJIEHAE) — MOy YUTh 3HAUEHUE TIepeMenHoi F .
Paccmorpum npumep.

1. B.Wait —3amaga B BeBasa Wait; nockonbky E = 1, To 9TO HE mMeeT HUKAKOro 3G eKTa,
B nponoskaeT UCIOIHEHNUE;

2. Reset — 6buta Bb3Bana Gynakuust ycranosku E = 0 (oguoii 3amay A, B winu C, wiu qpyroii
3azaueii);

3. B.Wait — nockonbky E =0, To 3a7a4a B 3a610KUpOBaHA U IIOMEINEHA B 0YEPEIb OXKW/Ia-

HUS;

4. C.Wait — nockonbky E = 0, To 3amaua C 3a0J0KMPOBAHA U IMOMEINEHA, B OYEPEIh OKUIA-
HUS;

5. A.Send — ycranoBurs E = 1, akTUBU3MPOBATH BCE 33Ja49U U3 OYEDPEIU OXKUIAHWS, T.€.
akTuBu3upoBarb B u C'.

30



5.3. IlouroBrle sAmuKH

5.3. IlouToBBbIE AIMUKH

Onpenenerne. [louroBeie sk — 370 00BEKT 0OMEHA, JAHHBIMU MEXKY 331a9aMu, YCTPO-
ennbii B Buge odepenu FIFO. C kaxXapIM MOYTOBLIM SIIIAKOM CBSI33HbI:

1. ouepenn coobienuii (06pasyromas CoIepKIUMOe MOYTOBOTO SIIUKA,),
2. ouepenb 3334, OXKUAAIONUX COOOIEHUA B IOYTOBOM SIIIUKE,
3. ouepenb 3a7a4, OXKUIAIOIIUX OCBOOOKICHNSI MECTA B TIOYTOBOM SIIIVKE,

4. MexXaHU3M B3aXMHOI'O UCKJIIOYEHU, O6eCHe‘{I/IBaIOIILI/Iﬁ Hpa,BI/UII)Hblﬁ AOCTYyII HECKOJIBKUX 3a-
Ja4d K OJHUM B TE€M 2XKe COO6]J.[€HI/I$IM B IIOYTOBOM AITUKE.

KonmaecTBo 33134, 03KMIAOMIAX COOOIIEHNS B TIOYTOBOM SIIIUKE, OOBIYHO He orpanndeHo. Kommdae-
CTBO K€ COODINEHNI B sIITUKE OOBIYHO OTPAHUYEHO TAPAMETPOM, YKA3AHHBIM MDY CO3MAHUH SIIUAKA.
DTO CBSI3aHO C TEM, 9TO PA3MeEP KAXKJIOrO COODINEHUsT YKA3BIBACTCS TIPU CO3TAHUY SIIIUKA U MOXKET
OBITh 3HAYUTEHLHBIM. EC/IM SIUK TOJTOH ¥ 330394, IIBITAETCS TOMECTUTh B HEIO HOBOE COOOIIeHneE,
TO OHA, OJIOKUDPYETCsI 0 TeX ITOP, ITOKA, B SIIUKE HE MOSIBUTCS CBOOOIHOE MecTo. Ham mouToBbIiMu
SIMAKAMU OIPEIEJIEHBI CJIEAYIONINE JIEMEHTAPHBIE OIEPALUN

® TIOJIOZKUTDH COO6Il[eHI/Ie B HO‘ITOBbIﬁ AWK, IIPHU 3TOM 33Ja49a, BbI3BaBIIaAd 3TY OIIE€palui0 MO-
2KeT ObITh OJIOKMPOBAaHA M IIOMEIIEHA B OYepedb 33134, OXKUIAIOMMUX OCBOOOXKIEHUST MECTa,
B SIWKE, €CJI B SIMUKE HET CBOOOTHOTO MeCTa, (AKTMBM3AIMS HACTYIUT CPA3y TOC/E B3si-
THUsI IEPBOrO YKe COOOIIEHNUsT 13 09epe I COOOMIEHNH ); eCin 09epeib OXKUAAIMIUX COODIIEHU ST
331249 HEIYCTa, TO AKTUBU3UPYIOTCS BCE 33JIa9U U3 ITON OYepeu;

e 110IIPOOOBATH MOJOXKUTHL COODINEHNE B MTOYTOBBIM SIMMUK — €CJIA B SAIMUKE €CTh CBODOIHOE Me-
CTO, TO 3TA OIEPALNS IKBUBAJIEHTHA HNOJIOXKHUTh, MHAYE BEPHYTh MPU3HAK OTCYTCTBUS MECTA;

® IOJIOXKUTBH B HAYAJIO — TO K€, YTO [OJIOKHUTb, TOIBKO COOOIIEHNE IOMEIAETCA B TOJIOBY Ode-
penn;

e onpobOBATH MOJOKUTH B HAYAJIO — TO Ke, YTO MONPo00BaTh MOJI0XKUTh, TOJIHKO COODIIEHEe
TIOMEIIAETCA B TOJIOBY OYepPeIn;

® B34dTH COO6meHHe U3 NMOYTOBOI'O ANINKA, ITPU 3TOM 33a/1a49a, BBISBABINAA 3Ty ONEPAINIO MOXKET
ObITH GJIOKMPOBAHA U MOMEIIEHA B OYepeb 337ad, OXKUJAIOIMUX COODIIEHNs, eClIi B SIIA-
Ke HeT COODINeHWi; mpU TOCTYILJIEHUU COOOIeHus OHa OyJeT aKTUBHU3MPOBAHA; MPU ITOM,
eC/IM B OYepeayr OXKUIAIOMUX COODIIECHNS 38039 HAXOAUTCS OOIee OaHOM 330449, TO IIPYU Bbl-
IIO/THEHUHU OIlepaluyu B34Tb 06eCHe‘{HBaeTCH MEXaHU3M B3aMMHOI'O UCKJIIOYEHUsA 3a0a4 (T.e.
TIOKa, BBIMOJIHAETCS 3Ta Ollepallusd OJHOI 3ajadeil Bce APYTHE 33Ja4U, 3alPOCUBIINE Ty Ke
orepanmio, 3a6JI0KUPOBAHDI);

e 110IPOOOBATH B3ATh COOOINEHNE W3 TOYTOBOIO SIMWKA — €CJIU B SIMMUKE €CTh COODINEHMSs, TO
9Ta OMepaIys YKBUBAJEHTHA, B3ATh, NHAYE BEPHYTh IPU3HAK OTCYTCTBHUsI COOOIIEHMIA;

® OYNCTUTH AMNUK — YAAJIUTH BCE COO6H.[€HI/IH U3 o4epenau.

DaKTHUYECKN ONMUCAHHBIA MEXaHU3M IPEACTaBJisieT co00i B3anMOmeicTBre KINEHT-CEePBEp, KOTIa,
331291 KJIMEHTHI TIOMEIIAIOT 3aIIPOCHL B IOYTOBBIM SIIIHUK, 3 33294 CEPBEPHI UX OTTY/1a 3a0uPaIOT.

5.4. B3ammoneiicTBue KJIMEHT — CEPBEP

Onpenenenne. B3anmomeiicTBreM KJIMEHT — CEPBEP HA3BIBAETCS CIIOCOD mepenadn nHGOpMa-
U7 OT OJHOU 337349’ K APYTOM.

Panee MBI pACCMOTPEIM HECKOJIBKO CIIOCODOB 06ECIeYeHrst TAKOrO B3aMMOIEHCTBHS (CM. CeMa-
GOpBI ¥ TOYTOBBIE SIUKN).
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5. CHHXpOHH3aIHUA H B3aHMOAEHCTBHE IIPOLECCOB

5.5. Ouepean 3amau

st obecrredenns paCCMOTPEHHBIX BbIIIE BUI0OB B3aUMOIEHCTBASI U CHHXPOHU3AINN 33,14 OITe-
pamMoHHAs CUCTEMa, CTPOUT P odepeneit 3a1ad.

e Ouepeab BBIMOITHSIEMBIX 3aa49 — 3T0 OYepeb 33a4, HAXOAAIUXCS B COCTOSIHUM MCIOJI-
HEHUA (HOJIy‘IaIOH.[PIX HpOHECCOpHOQ BpeMH B COOTBETCTBUU C TEM WJIA UHBIM a.TIFOpI/ITMOM
pa3eIeHnst BDEMEHH ).

e Ouepenp roToOBBIX 3374 — 9TO 04YEPE b 3334, HAXOAAIUXCS B COCTOSIHUM [OTOBHOCTH.

e Ouepenp 3ama4, OXKHUAAOIINX ceMadopa — CTPOUTCS JJis KAXKIOr0 CO3JaHHOIO CeMa-
dopa.

e Ouepenp 3a/1a9, OXKUIAFOIIAX COOBITUS — CTPOUTCS IS KAXKJIOTO COOBITHSI.

910 6a30BbIE OYEPEIH, HA OCHOBE KOTOPBIX CTPOSITCs Apyrue. Hanpumep, no4ToBbIe SIUKY 9aCTO
peanu3yrorcs Ha 6a3e cemadOpOB U COOBITHI, U C KAXKJIbIM U3 [I0YTOBLIX SIIMKOB CBSI3aHbI 110 1BE
ouepenu 33134 (OKUIAIOMMX COODIIEHUH 1 OXKUIAIOMUX CBOOOIHOIO MECTA, B SIIUKE).

OTH ouYepeau BEIyTCsS OMEPAMOHHON CHCTEMOM, MOITOMY HCIOJIb30BaHME JHOO0ro “obomekTa’
B3a,I/IMO,IIeI./‘ICTBI/I$I 1 CMHXPOHU3aIIWuW, IPUBOAUT K CUCTEMHBIM BbI3OBAM. HpI/I JIIO6OM TaKOM BBI3OBE
KCIIOJIHEHHUE IIPOXOAUT II0 APy CUCTEMBI I MEHE2KEPaM 33034 U IIaMATH, U, CJIEI0BATEIbLHO, JIIODOMI
BBI3OB COIIPDA2KEH C AOIIOJTHUTEJIbHBIMU PAaCXOJaMHU.

5.6. O6bekTnsl cuaxpouun3amuun POSIX

Crannapr POSIX 1003.1b (cm. paszen 3.2) onpeaessier psiZi 00bEKTOB CUHXPOHU3AUUH, KOTO-
pbIie OOJIZKHBI IPUCYTCTBOBATH B CUCTEMaX PEAJIBHOI'O BPEMEHU:

Cemadcbopst:
JIOTUYECKH COBIAIAIOT ¢ OMMCAHHBIMY BbIle OyneBckumMu cemacopamu. M nenrndukaro-
poMm cemaddopa sIBJISIETCsT UMsl, CHHTAKCUYECKN YCTPOEHHOEe Kak nMsi baiia.

Ouepenn coobueHnii:
JIOTUYECKHU COBII3JAX0T C OIIMCAHHBIMU BbINIE IIOYTOBBIMU AINUKAMMU. I/I,ZLeHTI/ICbI/IKaTOpOM
O4Yepey SIBJISIETCsI UMsi, CHHTAKCUYECKH YCTPOEHHOE KaK uMsi (Daiiia.

Paspensemasa namarts:
ee UAEHTU(MUKATOPOM SIBJISIETCSI UMsl, CHHTAKCUIECKH YCTPOEHHOE KAK nMsi (hailia.

Cranmapr POSIX 1003.1c (cMm. pazzen 3.2) onpenensier psiji OGbEKTOB CUHXPOHU3AIMH, KOTO-
pbI€ JOJIKHBI TIPUCYTCTBOBATH B CUCTEMAX, UCIOIL3yomumX 3aaa4u (threads):

O6bekTbl mutex:
obecneunBatoT B3aumuoe uckiodenne (MUTual EXclusion) paboraromux 3aga4 (cM. pas-
nen 5.6.1).

O6bekThl condvar:
06eCIIeunBalOT B3aUMHOE MCKJIIOUEHNEe PAOOTAIOIINX 33,039 MPU IPUHATAM yCIOBHOH ITe-
pemennoit (CONDitional VARiable) onpeneniensoro 3uadenus (cM. paszen 5.6.2).

5.6.1. O0'beKThI CHHXPOHI3AINNA THUIA mutex

OOBbEKThI CHHXPOHU3AIUH THUIIA, Mutex HaKTUIECKU MPEJCTABJISIOT 000N HEKOTOPE PA3BUTUE
OysieBcKUX ceMadOpOB B IJIaHE MOBBIMIEHUs 0€30MACHOCTHA PAbOTHI TPOrPAMMABI.

Tunuysblil MUK pabOThI ¢ PA3IENIIEMbIM PECYPCOM CIEAyommit: B3aTh cemadop, paboraTh
¢ pecypcom, BepayTh cemadop. OmgHako, eciu B pe3ysbrare OMHUOKY B MPOrPAaMMe OHA BHAYAJIE
BbI30BET (DYHKIMIO BEPHYTH cemadop (He B3siB erol), a 3aTeM BINOIHUAT IPUBEIEHHBIA BBIIIE [UKJI
paboThI C pa3aeasieMbiM PECypcoM, TO (DyHKIMsE B3ATh ceMadop He OJIOKUpPyeT 33134y, €CJIu PECYPC
BAHSIT.
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5.7. Ilpumep ucnonn3oBanus 06bekToB cuaxpornzanuu POSIX

JLjist 60pPBOBI C ITUM SIBJIEHHEM BBOAUTCST OOBEKT Mutex, KOTOPbIil (DAKTUIECKH COCTOUT U3 M-
pb: ByJsieBcKoro cemaddopa u uneHTuhUKATOPa 3812491 — TEKYIIEro BAaesbla cemadopa (T.e. Toi
331497, KOTOPast YCIIENTHO BBI3BAJIA, (DYHKINIO B3ATh W CTAJIA BIAJEIbIEM DA3IeIsIeMOr0O PeCypea,).
s nocryna K 00beKTy mutex m OnpeneeHbl TPU IPUMUTUBHBIE OIEPALIUN:

e Lock(m) — GnokupoBaTh mutex m, eciu m yxKe 3abJOKMPOBAH APYroi 3ajadeii, TO 9Ta
orepanusi EPEBOJUT 33149y B COCTOSTHUE OXKUIAHUS PA3OJOKUPOBAHUS 1M1

e Unlock(m) — pasbmokmpoBarh mutex m, (ecim m OXHIAETCS APYTOH 3amadeil, TO OHA
MOZKET 6I)ITI) AKTUBU3UPOBAHA, YIAJICHA U3 OYePpean O2KUJAHUA 1 MO2KET BbITECCHUTDh TEKYIILYIO
3314y, HapUMep, eCJld ee NPUOPUTET BBIIIE); €C/IM BbI3BaBINas 3Ty ONEPAIMI0 33/1a4a, He
SIBJISIETCSI BJIQJIEJIBIIEM 1), TO OIIEPAINs HE MMEEeT HUKAKOro 3ddekTa;

e TryLock(m) — nonpo6oBarb 6JOKMPOBATL Mutex m, ecau m He OJIOKUPOBAH, TO T, Ole-
panus skBuBanenTHa Lock(m), naade BO3BPAIAETCS MPU3HAK HEYIAYH.

DT onepanyy HeJeJNMBI, T.e. IePeKIYeHre 330349 BO BPeMs X UCIOJHEHHUs 3AIIPEIEHO.

5.6.2. O0beKThI CHHXpPOHU3amuu Tuna condvar

O0bexT cuHXpOHW3aIMU TUMa condvar 1aeT BO3MOXKHOCTD 33/1a9€ OXKUIATh BBITOJHEHUST HEKO-
Topbix ycaoBuit. PakTruecku oH cocTouT u3 06beKTa — coObitust E (cMm. pasmen 5.2), ¢ ogHMM
OT/IMYUEM: TIPU TOCTyIieHun cobbitus (mocpeacrsoM (byHkumu Send) TONBKO OfHA U3 OYEpeau
OXKUAAIMX coObITHs 3ama4 akTuBu3upyercs. st mocryna k obbekTy condvar E ompenesreHbl
TPY IPUMUATUBHBIE OMEPALHAN:

e Wait(E,m) (rme m Tuma mutex) — IPOU3BOAUT CIELYIOIIUE NeiCTBUS ([ePBbIe [BA U3 HUX
HeJeTUMBI, T.¢. TEPEKJIOICHAE 33149 BO BPEMsl UX UCIIOJHEHHUS 3AIIPEIeHO):
— BeBaTh Unlock(m) musa texkymieil 3ama4uu (T.e. BBI3BABIIEH 9Ty ONEPAIMIO),
— Bo3Bare Wait(E),

— BoI3BaTh Lock(m);
e Signal(E) — BezBare Send(E);

e Broadcast(E) — ser3Bare Send(E) u akTHBU3MPOBATH BCE OXKHAAOIME 334349u (T.e. TOT
ke addekr, uro u Jus GyHkyu Send, OnMCAHHOM B pazzese 5.2.

5.7. Ilpumep mconoab30BaHusa 00bekTOB cuuXpoHmM3anuu POSIX

IIpuBoanMast HM2KE TIPOrpPaMMa CUUTBHIBAET CTPOKY CO CTAHAAPTHOIO BBOJA M BBIBOIUT €€ HA
CTAHIAPTHBIA BBIBOA. [l 9TeHUs CTPOKU M [JIs €€ BBIBOJA CO3JAIOTCS IBE 331a9U (thread),
KOJIOM [IJIsT KOTOPBIX SIBISIOTCS (DYHKIMHU reader n writer coorBercTBeHHO. ITocKombKy 3amaun
paboTaroT B TOM K€ aJAPeCHOM MPOCTPAHCTBE, UTO U CO3/IABIINI UX ITPOLIECC, TO OHU ABTOMATHYIECKN
pas3essoT Bce IepeMeHHble, BKI04as 6ydep coobiennii msgbuf. st oprann3anyuu B3auMHOTO
UCKJIIOYEHUS TIPU OCTYTe K KPUTUIECKUM Pa3lesisieMbM pecypcaM (mepemMeHHbM done, msglen,
msgbuf) MCMoOaBL3yeTCss 0O0HEKT CHHXPOHM3AINY mutex mutx.

#include <stdio.h>
#include <pthread.h>

/* Komnunamnus B POSIX-coBMecTuMhx cucTeMmax (HampumMep, Linux): */
/* cc <umsa_g¢atima> -lpthread x/

#define BUF_LEN 256

pthread_mutex_t mutx; /* 06beKT CHHXPOHU3aUuy THUIa mutex x/
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5. CHHXpOHH3aIHUA H B3aHMOAEHCTBHE IIPOLECCOB

int done; /* llpusHaR OKOHYaHWS paboTH
int msglen; /* ImuHa coobueHus
char msgbuf [BUF_LEN]; /* Bydep mns coobmeHus

/* XmaTh coobueHns, IO ero IOCTYILIEHWE BHBECTH €rO Ha SKpaH.
OyHKRIUS paboTaeT Kak HesaBUCHMas 3afiada, BH3HBaeMas
OLlepaIMOHHOR CHCTEMOl, IOSTOMy IPOTOTHI (QUKCHDPOBAH.
AprymMeHT argp He ucmomb3yeTcs. */

void * writer (void * argp)

{
for (53)
{
pthread_mutex_lock (&mutx); /* "saxBaTuTh" mutex
if (done)
{
/* HamewaTaTh UAEeHTHPUKATOp TeKymel 3amadu
printf ("Thread %x exits\n", (int)pthread_self ());
pthread_mutex_unlock (&mutx); /* "ocBobomuTs" mutex
pthread_exit (0); /* 3aBepunThH 3ajady
return 0; /* HEROTZa
}
if (msglen)
{
printf ("*> %s\n", msgbuf); /* BeBecTm Ha 3KpaH
msglen = 0;
}
pthread_mutex_unlock (&mutx) ; /* "ocBobomuTh" mutex
/* TloMecTuTh 3aJady B KOHeI, oYepeAy TOTOBHX 33aZad C TeM
/* Xe IPHOPUTETOM
sched_yield ();
}
}

/* CuuTaTh cooblleHre ¥ IIOMECTHTh ero B 6ydep.
®yERIMSA paboTaeT Kak He3aBHCHMasd 3afada, BH3HBaeMas
OIlepalMOHHOH CHCTeMOo#, I03TOMy HIPOTOTHI QUKCHDOBAH.
ApryMeHT argp He ucmombayeTrcs. */

void * reader (void *argp)

{
for (53;)
{
pthread_mutex_lock (&mutx); /* "saxBaTuTh" mutex
if (!msglen)
{
/* CuuTaTh coobmenue. Buxom mo Ctrl+D
if (!fgets (msgbuf, BUF_LEN, stdin))
break;
msglen = strlen (msgbuf) + 1;
}
pthread_mutex_unlock (&mutx) ; /* "ocBobomuTh" mutex

/* TloMecTuTs 3amady B KOHeI, odepe[y TOTOBHX 3aJad C TeM
/* Xe IPHOPUTETOM
sched_yield ();
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5.7. Ilpumep ucnonn3oBanus 06bekToB cuaxpornzanuu POSIX

/* HameuaTaTh uIeHTUGUKATOp TeKylel s3amauu */
printf ("Thread %x exits\n", (int)pthread_self ());
pthread_mutex_unlock (&mutx) ; /* "ocBobomuTh" mutex */
pthread_exit (0); /* 3aBepuuThH 3amady x/
return 0; /* HEKOTOa */

}

int main ()

{
pthread_t wtid, rtid; /* DecKpumToOpH 3azad  */
if (pthread_mutex_init (&mutx, 0)) /* cozmaTh mutex */

perror ("pthread_mutex_init");

if (pthread_create (&wtid, O, writer, 0)) /* cosgmaTb 3azmauy */
perror ("pthread_create");

if (pthread_create (&rtid, 0, reader, 0)) /* cosmaTe 3amauy */
perror ("pthread_create");

if (!pthread_join (rtid, 0)) /* xmaTh okoHuYaHWs 3ajaum rtid */

done = 1;
pthread_join (wtid, 0); /* XmaTb okKoHYaHWS 3amauu wtid */
if (pthread_mutex_destroy (&mutx)) /* ymamuTh mutex x/

perror ("pthread_mutex_destroy");

return 0;

Ecsu Bo BpeMst paboThI 9TOi IPOrpaMMBbI IOCMOTPETh CHHMCOK 3334 B CHCTEME, TO Mbl yBUINM,
9TO 9TOM Nporpamme ux coorsercrsyer dersipe (1):

1. 3amymneHHBIN MpoIECC,

2. “rmaBHast” 3371244, COOTBETCTBYONMAs (DYHKIMM main,
3. 3amad4a, cOOTBETCTBYyIOAs (GyHKIMK reader,

4. 3amaga, COOTBETCTBYIONAsi (DYHKIMHN Writer.

IIpuBenennasi Bbillle TPOrpaMMa SIBJSETCS HE COBCEM KOPPEKTHON B CJIEAYIOIIEM CMBICTIE.
Kaxnas u3 dbyHkumii reader/writer [esaer NpeJIIONOXKEHWE O TOM, 4TO BTopas (yHKIWs
writer/reader B MOMEHT Bbi30oBa (yHKumm sched_yield »kger TOJBKO OCBOOOXKEHUS mMu-
tex mutx. yisi JaHHOM IIPOrpaMMbl 9TO IIPEIIIOJOXKEHHME BEPHO, HO B 00wmeM ciydae Tpebyer-
csi obecnieanThb, 9TOOBI MOCHE BHINOMHEHUs (DyHKImU reader/writer Cyemyiomeil BBIIOIHSIACH
writer/reader, ecim e HoCefHsst 3aHsATa (He o6paboTasna mpeipiayliee COODIIEHNE), TO Te-
KyImasi 3a7a49a [TOJI2KHA, MEPEATH B COCTOSTHUE OXKUIAHWS, 8 HE MOTPEOJSATH MPOIECCOPHBIE pPe-
Cypchl B 0ECIIOIE3HOM IMKJE Ompoca. Huke mpuBOAUTCS MOAUMUIMPOBAHHBLIN BAaPUAHT ITOMU
IPOrpaMMbI, B KOTOPOM IIOMHMO OOBEKTa mutex /jisi B3aWMMHOTO HCKJIIOYEHHUsI HPHU JOCTYIe K
pa3messieMbIM JAHHBIM HCIOJB3YeTcss 00beKT condvar [Jisi CHHXPOHM3AIuU caMux 331349, OyHK-
nueit pthread_cond_wait 3azada nepexoauT B PeKUM OXKUJIAHUS JAHHBIX OT IPYIOW 3aJad4d, a
dyukimeil pthread_cond_signal oHa cO00IIAET O TOTOBHOCTH JAHHBIX.

#include <stdio.h>
#include <pthread.h>
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/* Kommunanus B POSIX-coBMecTuMHX cucTeMax (HampumMep, Linux): */
/* cc <ums_daiima> -lpthread x/
#define BUF_LEN 256
pthread_mutex_t mutx; /* 06beKT CHHXPOHM3aUuy THUIa mutex x/
pthread_cond_t condx; /* 06bekT cuEHXpoHM3anumu Tuma condvar  */
int done; /* llpusHaK OKOHYaHWS PaboTH */
int msglen; /* JlimHa coobmeHwms */
char msgbuf [BUF_LEN]; /* Bydep mns coobmeHus x/
/* XpaTh coobuLeHMs, IO ero IOCTYIJIEHWK BHBECTH €ro Ha SKpaH.
dyHKIUS paboTaeT Kak He3aBUCUMAs 33fiada, BH3HBaeMas
OIlepalOHHON CHCTEMOR, [I09TOMy IPOTOTHI DUKCHDPOBAH.
ApryveHT argp He ucmombsyeTrcs. */
void * writer (void * argp)
{
for (53)
{
pthread_mutex_lock (&mutx); /* "saxBaTuTb" mutex  */
while (!msglen)
{
/* OcBobomuTh mutex ¥ XmaTh CUTHana oT condvar, */
/* 3aTeM "zaxBaTuTh" mutex omaTh x/
pthread_cond_wait (&condx, &mutx);
if (domne)
{
/* HamedaTaTh UAeHTHGUKATOp TeKymell 3amadn */
printf ("Thread %x exits\n", (int)pthread_self ());
pthread_mutex_unlock (&mutx);/*"ocBobozmuTs" mutex*/
pthread_exit (0); /* saBepuuTh 3azady */
return 0; /* HUKOTIA */
}
}
printf ("*> %s\n", msgbuf); /* BHBeCTH Ha 3KpaH x/
msglen = 0;
/* locmaTs curzanm condvar */
pthread_cond_signal (&condx);
pthread_mutex_unlock (&mutx) ; /* "ocBobomuTh" mutex */
}
}
/* CuuTaTh cooblleHre ¥ IIOMECTHTh ero B 6ydep.
OyHKIMS paboTaeT Kak He3aBUCUMAas 33llada, BH3HBaeMas
OllepalMOHHON CHCTEMOR, IOSTOMY IPOTOTHI PUKCHUPOBAH.
ApryverT argp He mcmombayeTcs. */
void * reader (void *argp)
{
for (53)
{
pthread_mutex_lock (&mutx); /* "zaxBaTmTh" mutex  */
if (!msglen)
{
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/* CuuTaTh coobmenue. Buxom mo Ctrl+D
if (!fgets (msgbuf, BUF_LEN, stdin))
break;
msglen = strlen (msgbuf) + 1;
/* TocnaTts curHan condvar
pthread_cond_signal (&condx);
}
while (msglen)
{
/* OcBobomuTh mMutex u XmaTh CHTHala oT condvar,
/* 3aTeM "zaxBaTuUThL" mutex omaTh
pthread_cond_wait (&condx, &mutx);
}
pthread_mutex_unlock (&mutx) ; /* "ocBobomuTh" mutex
}
/* HameuaTaTp umeHTHQUKATOp TeKyumel 3azadu
printf ("Thread %x exits\n", (int)pthread_self ());

pthread_mutex_unlock (&mutx) ; /* "ocBobomuTh" mutex
pthread_exit (0); /* 3aBepunThH 3ajady
return 0; /* HEKoOTIa

}

int main ()

{
pthread_t wtid, rtid; /* LeCKpUITOpH 3amad
if (pthread_mutex_init (&mutx, 0)) /* cozmaTh mutex

perror ("pthread_mutex_init");

if (pthread_cond_init (&condx, 0)) /* cozmaTh condvar

perror ("pthread_cond_init");

if (pthread_create (&wtid, 0, writer, 0)) /* cospmaTp 3amauy
perror ("pthread_create");

if (pthread_create (&rtid, 0, reader, 0)) /* coszmaTs 3amauy
perror ("pthread_create");

if (!pthread_join (rtid, 0)) /* xmaTh OKOHYaHUWs 3amadu rtid

{

done = 1;
pthread_cond_signal (&condx);
}
pthread_join (wtid, 0); /* XOaTh OKOHYAHMA 3ajadd wtid
if (pthread_mutex_destroy (&mutx)) /* ymamuTh mutex

perror ("pthread_mutex_destroy");
if (pthread_cond_destroy (&condx))
perror ("pthread_cond_destroy");

return 0;

*/

*/

*/
*/

*/
*/

*/
*/

*/

*/

*/

*/

*/

*/



6. Yupapienue 3amadamu

6. YnpapjieHue 33a/lad4aMu

VYupassenue 3agadamu (Opoueccamu, IpoueaypaMu 00paboTKY NPEPHIBAHUN) SABJISETC BaXK-
Heiimeit pyHKumein 000 onepanuoHHOl cucrembl. MeHHO crenuduaecKuil MEeXaHu3M ILIAHU-
poBaHMs 33139 U npoueayp 00pabOTKU NMPEephIBAHUM J€J1a€T ONEPANUMOHHY0 CUCTEMY CHCTEMOMR
peanbHOr0 BPEMEHHU.

6.1. IlnannpoBanue 3aaa4

HeobxoauMocTh IaHMPOBAaHUS 33,149 TOSIBJISETCS, KAK TOJBKO B OYepPeId aKTUBHBIX (TrOTO-
BBIX) 33J[a4 MOSIBJISIIOTCS 0DOJiee OMHOM 3a1a4u (B MHOTOMPOLECCOPHBIX CUCTEMAaX — DoJiee Jucia,
UMEIIUXCs IIPOUECCOPOB). AJIrOPUTM IJIAHMPOBAHUS 3334 SIBJISI€TCS OCHOBHBIM OT/JIMYUEM CH-
CTEM PEAIbHOI0 BPEMEHHU OT “O0BIYHBIX’ OMEPALMOHHBIX CUCTEM. B IOCIEIHUX HENBIO IJIAHUPO-
BaHUsI SIBJISIETCSI ODECIIEYEHNEe BBINOJIHEHUsT BCEX 334 U3 0YePEe IOTOBBIX 33734, obecrednBast
WLTIO3UI0 UX MAPAJIJIIbHON PabOThl U HE JIOMYCKash MOHOTOIM3AIMI0 TPOIECCOPa KAKOR-nb0 u3
zagad. B OCPB ke 1eibio INIAaHUPOBAHUS SBJISETCS 00ECIIEYeHNE BBIIOJHEHUS KaXK A0 TOTOBOMI
3a/la9u K OIpeJeJIeHHOMY MOMEHTY BPEeMEHHW, [IPU 3TOM YacTO “NapauiebHOCTD’ paboTh
3389 HE JOITyCKAETCs, MOCKOJIbKY TOI/A BPEMs UCIIOJHEHUs 3843491 OyJeT 3aBUCETh OT HAJIWIMS
JAPYrux 3a/1a4d.

Baxkwneiimum TpeboBanueMm npu mianupoanuu 3aaa4 B OCPB siBisiercs mpeackasyemMocTb
BpeMeHu paboThbl 38784u. DTO BPEMS HE JOJDKHO 3aBHCETh OT TEKyIel 3arpyKEeHHOCTH CUCTe-
MBI, KOJIMIECTBA 33789 B O49epesax oxkuaanus (npoueccopa, cemadopa, cobprrus, .. .) u T.a. Ilpn
9TOM KEJIATENILHO, ITOOBI ITIMHA ITUX Ouepesieli He Obta Obl OrpaHudeHa (T.. OrPAHUYEHA TOJIBKO
00bEeMOM TaMSTH, JOCTYIIHON CUCTEME).

Onpeznenenne. Ilnanuposmyk 3axaa (scheduler) — 310 Moxysns (mporpamma), orBedaromuii
34 Pa3esIeHIe BPEMEHH UMEIOIIUXC s TPOLECCOPOB MEXK/1y BBIMOJIHSIOMUMUCs 3agadamu. OTBevaer
33 KOMMYTAIUIO 3371449 U3 COCTOSIHWS OJIOKUPOBKU B COCTOSTHME TOTOBHOCTH, W 33 BHIOOD 3a1a4u
(3a7a49 — 1O YKCITy TPOLECCOPOB) M3 YUC/IA TOTOBBIX JJisi UCTIOJHEHHUS TIPOIECCOPOM (aMHu).

B MHOrompouneccopHbIx CUCTEMAaX KOJMYECTBO O4Yepeeli roTOBbIX 33434 (04epeneil OxKuaaHus)
MOXKET 3aBUCETH OT THUII, APXUTEKTYPhI CUCTEMbI. B CUMMETPUYHBIX MHOTOIPOIECCOPHBIX CUCTE-
max (SMP, Symmetric MultiProcessor system) o6bI9HO eCTh OfHA OYepenb OXKUIAHUS IS BCEX
npoueccopoB. B apyrux cucremax MoxKeT ObITH [0 OAHON OYepeqy Ha MPOUeccop (WU mo OIHOMH
O4epe Iy HA TPy NPOUECcopoB, obpasytomux SMP cucremy).

6.1.1. Ilpumopurernbl

HanomuuM, 9T0 NPUOPUTETOM HA3BIBAETCS YUCJIO, NPUITUCAHHOE ONEPANUOHHON CUCTEMOH (a
UMEHHO, TIJIAHUPOBIIUKOM 33Ja4) KaXKIoMy mpoueccy u 3agade. CymecTBYIOT HECKOIbKO CXeM
HA3HAYEHNST IPUOPUTETOB.

o @uKCHUpPOBaHHBIE IPUOPUTETHL — IIPUOPUTET 334a4€ HAZHAUAETCS IIPU €€ CO3LAHUU U HE
MEHSIETCsI B TEUYEHHE €€ JKU3HU. JTA CXEMA ¢ PA3JIMIHBIMU [JOIMOJHEHUSIMU [IPUMEHSIETCS B
OOJILIIMHCTBE CUCTEM PeaIbHOro BpeMenu. B cxemax mianuposanus OCPB gacTo Tpebyercs,
4TOOBI IPUOPUTET KAXKIOM 33841 ObLIT YHUKANBHBIM, IoTOMy YacTo OCPB umeroT 60mbImioe
YUCJIO TPUOPUTETOB (00bIYHO 255 U Gonee).

o TypHUpHOe OnpeseeHre IPUOPUTETA — IIPUOPUTET HOCIEAHEHN UCIIOTHSIBINEHCs 3312491 110~
HUKAETCH.

e Omnpenesienne npuopureTa no ajropurmy round robin — npuopuTeT 3aa4M OMpPenessIeTcst
€e HAYaJIbHBIM IIPUOPUTETOM M BPEMEHEM ee 00C/IyKuBaHusi. deM O0JbIie 33,1393 00CTy K-
BAETCS MPOLECCOPOM, TEM MEHBIIE €€ NPUOPUTET (HO HE OIyCKAETCS HUXKE HEKOTOPOrO I0-
POroBOrO 3HAYEHUsT). JTa CXEMA B TOM WJIM WHOM Buze npuMensiercs B OosmbmmacTBe UNIX
CUCTEM.
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6.1. ILnarupoBanue 33789

OrMmeTnM, 9TO B PA3HBIX CHCTEMAX PA3JIMYHBIE AJTOPUTMBI ILIAHUPOBAHUS 331894 MOTYT BBO-
JIUTh HOBBIE CXeMbI M3MeHeHusi npuopureroB. Hanpumep, B cucreme OS-9 mpHOpPUTETHI 0XKUIA0-
X 3389 yBEJIMUIUBAKOTCS sl M30€2KAHUST CIUIITKOM OOJIBIINX BPEMEH OXKUIAHUS.

ITpumep UNIX cucrembr ¢ pUKCHPOBAHHBIMU IPUOPUTETAMHA: MYyCTh TOTOBAst 3343498 1] uMeeT
npuoputer 1, roroBasi 3amada T umeer npuopurer 5. Torga 3amaga Ty monyuur 5/6 mpouec-
COPHOro BpeMeHH, a 3a1a4a To — 1/6,

Omnpepenenne. Curyanuio, korjga 6osiee npuopuTeTHasi 3a1a4a OJIOKMPOBAHA MEHEe [PHUO-
pUTETHOM, BJAJENEeil pa3iesseMbIM PECypcoM, TpebyeMbIM MPHOPUTETHON 3a/ade, HA3hIBAIOT
uHBepcueit npuoputeroB. Bce OCPB, ocymecrnisonue niaHupoBaHue 3a1a4 Ha OCHOBE UX
[IPUOPUTETOB, UCIOJIb3YIOT T€ WJIM WHbIE MEeXaHU3MbI 00pbObI ¢ 3THM siBjenueM. Haunbosee gacro
WCIOJIB3YI0T MEXaHU3M T.H. HACJI€JOBAaHUSI IIPUOPUTETOB, KOIJa 3313494, B IEI0MAsT Pa3/1esis-
€MBbIM PeCypCOM BPEMEHHO IIOJIy4aeT IpHOpuTeT OoJsiee IPUOPUTETHON 331491, OXKHUIAIOIMEN 3TOT
pecypc. IIproputer BO3BpamaeTcs: K IpeKHEMY 3HAYEHHIO, KOI/Ia 33/1a49a OCBOOOXKIAeT pa3/iesis-
eMBIil pecypc.

6.1.2. Crparerun mjiaHNPOBaHHUS 3aa4

Paccmorpum ¢criocoObl, KOTOPBIMY MJIAHUPOBIIUK BBHIOMPAET OUYEPEIHYIO 330a4y [JIsi TIEPeIadn
HA, BBITIOJTHEHME TTporieccopy. Huxke Mbr BHAYAIE paccMoTpuM “auctbie”’ cnocoObl, OOBIYHO TTpUMe-
HSIEMBIE TOJIBKO B COYETAHUU C JPYTUMU.

e Ouepenp oxxunaauda Tuna FIFO: nepsoii Oyaer ucmnosiHeHa IepBOil MOCTYIUBINAS 3344,

e Ouepenpb 0OXKHUIAHUSA, OTCOPTHPOBAHHAsA IO BPeMeHHU WMCIIOJTHEHUS 3aJad: IepBOH
Oy/IeT UCIOJHEHA 33a4a,, UCIOJHSIBINASICS 10 9TOr0 CAMOE KOPOTKOE BPEMSI.

e Heckonbko ouepeseiil oxumanusi (OMHOTO U3 NPUBEIEHHBIX BBIIIE THUIIOB): IIOCTYUB-
masi 33/1a49a [0oNaJaeT B OJHY U3 O4Yepeeil B 3aBUCMMOCTH OT IIPUOPUTETA 331391, BHIOOPKA,
[IPOUBBONTCS M3 I'OJIOBBI IIEPBOI OY€pen, eCy MOCJIEJHSIsl IyCTa, TO BHIOMPAETCsi FOJI0BA
BTOPO# O4Yepesiy U T.J.; 4aCTO 3a4a491 B PA3HBIX O4YePeIaX MOy 4Yal0T PA3HbIM KBAHT BpEMEHU
B 3aBUCUMOCTH OT HOMEpa odepeau (mepBas OYepenb — MEHbINUM KBAHT, TAK KAK 33a49U B
Hell [OJIy9aioT JOCTYIl K MPOIECCOPY Yalle).

e Ouepenp OXHUJAHWS, OTCOPTHUPOBaHHAS 110 MPUOPUTETY 3ajJad: 11epBOil Oyier uc-
[IOJIHEHA 33244, UMEIOAsl HAUBBICIINI IPUOPUTET.

B UNIX cucremax npumeHsieTcsi CaeAyomuii cnocod mianuposanusi. Bce nponeccoproe Bpemsi
pa30buTo Ha KBAHTHI (PUKCHPOBAHHON [JIMHBI. BCe TOTOBBIE 33/a9M MOIy4YaT CBOM KBAHT BPEMEHH,
HO YaCTOTa TOrO 3aBUCHUT OT OOIIEr0 KOJMYECTBA FOTOBBIX 33J1a4 W WX mpuopurera. V3Hadaib-
HO 33J3a4a IIOJIy4aerT BBICOKUI IIpUOpPUTET. Eciun B Teuenune cBoero xKBaHTa 3aJa4a HCIOJb3yeT
nporeccop (He GIOKHPYETCst ¢ CAMOr0 HAYAJA), TO €€ MPUOPUTET HE MEHSIOTCS WIH JAXKe MOBBIIIA-
erca. C npyroii CTOPOHBI, €CIIU 337]a9a MCIONB3yeT CBOM KBAHT MOJHOCTBIO (HE GIOKMpyeTcs: 10
€ro OKOHYAHUS), TO €€ TMPUOPUTET TIOHUKAETCsA. Takasi cTpaTerusi 0GECIEYUBAET BBHICOKYIO CPEJI-
HIOIO TTPOU3BOAUTEIBHOCTh CUCTEMBI U OBICTPOE BpPEMsI PEAKINU JJIsT WHTEPAKTUBHBIX MPOrPAMM
(TMma TEKCTOBBIX PEIAKTOPOB), HO aOCOMIOTHO HE TOMUTCS JJis CUCTEM DPEATHHOTO BPEMEHHU, MO-
CKOJIbKY TIPOIIECCOPHOE BPEMsi, TTOIYyYaeMoe 33a9eil, 3aBUCUT OT KOJMYECTBA JAPYTUX 33739 U UX
AKTUBHOCTH.

B cucremax peasibHOrO BpeMeHU OOBIYHO MPUMEHSIETCs CJIEIYIONVI AJrOPUTM [LJIAHUPOBAHUS.
3agaun umMerT (PUKCUPOBAHHBIE IPUOPUTETHI, KOTOPHIE MOT'YT JAMHAMUYECKH MEHSATHCS CAMON 3a-
Jageil nim mIaHupoBImuKoM. [Ipomeccop momydaer 3a1a49a, MMEIOAast CAMbIi BICOKUM TPUOPUTET.
Ecrm takast 3a1a49a He oHA (HAIPEMED, HE BCE 337a9M UMEIOT DPA3HBIA MPUOPHUTET), TO CPEIH 33~
a9 C CAMBbIM BBICOKUM MPUOPUTETOM OPraHU3YyeTCd MJIaHUPOBAHUE C U3MEHEHUEM NPUOPUTETA 1O
cxeme round robin (tak HasbBaemas cxema RRS, round robin scheduling).

ITomobHasi cxema aBromarnydecku obecnednBaeT preemtion — 3azada ¢ JIOOBIM IPUOPUTETOM
(BKJIIOUASE A/IPO CHCTEMBI) MOXKeT OBbITh IpEpBaHa 3a1a4eil ¢ 60jee BBICOKAM MPUOPUTETOM.
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6. Yupapienue 3amadamu

6.1.3. IlnanupoBaHMe NMepUOTUIESCKUX 32T

BosbimuacTBO 33724 B CUCTEMAX PEaThHOTO BPEMEHU — NIEPUOAMYecKe, aKTUBU3UPYEMbIe CUT-
HAJIOM TafiMepa Wiu Jarduka. JIjis Takux 3a71a49 pa3paboTaHbl ClennaibHbe IPUEMbl Pa3/IeIeHusT
BPEMEHU.

OueBUAHO, 9TO B OJIHONIPOIIECCOPHOM CHUCTEME JOJIXKHO OBITH BBIIOJHEHO COOTHOIIIEHNE

LIPS
b

= T

roe T; u R; — COOTBETCTBEHHO MEPUOJ M MAKCHMAJBLHOE BpeMsi pabOTHI 33039 ¢, N — KOJUYe-

CTBO 33/1a4 B cucreMe. JIobasi cxema IUIAHMPOBAHUSI JIOJKHA ODECIIeYMBATH BBIIOJIHEHHE JTOrO

COOTHOIIIEHUSI.

B 1973r. Liu u Layland npemyioxuinu meron ananuza nepuoauydeckux 3aga4 8 OCPB, nazsan-
ueiii RMA (Rate Monotonic Analysis), m COOTBETCTBYIOIIYI0 CXeMy ILJIAHUPOBAHWS, HA3BAHHYIO
RMS (Rate Monotonic Scheduling). B ucxomsom Bapuante B 9TO# CXeMe NPEANONATaeTCsi, ITO
BCE 33JIa4M B CHCTEME MEPUOUIECKIE W MEXKIy HUMHU OTCYTCTBYET B3amMmogmeiicrsue. [Ipuopurer
3amagu B RMS obparHo mpormopiinoHaieH epuojy, T.e. 3a/1a4a UMeeT TeM BbIIIe IPUOPHUTET, YeM
Kopoue ee mepuon. IIpu sTom gjst obecriedennsi CTAOUILHOCTH PAOOTBI CHCTEMBI JOJIKHO OBITH

BBIIIO/JIHEHO COOTHOIIEHUE
n

Z el < n(2Y" - 1).
prllll

Ormerum, uro ajisi peasu3anuu cxembl RMS Tpebyercsi, 94robbl NPHOPUTETHL Y BCEX 33134 ObLIU
Pa3IMIHBIMU.

B ucxonnom BapuanTe RMA ncnonb3yercs HepeaJucTuaHOe MPEIIOIOKEHNE O HE3ABUCUMOCTH
Bcex 3a1a4. [Tosromy Liu u Layland pacmmpumu RMA Ha obmuit cayqaii.

Eciu mexny 3a1a9amMu eCTh 3aBUCUMOCTD, TO HEOOXOAMMO IIPUHUMATEH MEPHI /1t 60PHOBI ¢ UH-
Bepcueit npuopureros. Liu u Layland npennoxunu ucnonszosars PCP (Priority Celling Protocol).
OCHOBHBIE COCTABJISIIOIINAE TPOTOKOJIA!

® KAXKJOMY Da3JIeNsIeMOMy PECyPCy W KasKJIOMY MPUJIOXKEHUI0 (HAbOpy 3a7a4) TPUITUCAH YPO-
BEHb MIPUOPUTETHOCTHU (HE MyTATH C IPUOPUTETOM );

e OJOKMPOBKA PeCypca HEBO3MOXKHA, €CJIM YPOBEHb €ro MPUOPUTETHOCTH BhIIIE, YeM YPOBEHH
MTPUOPUTETHOCTH 3aTIPOCUBIIETO OJIOKUPOBKY TTPUIIOKEHUST;

e npuopureT GIOKUPYOMUX (T.e. BIAJCIOMUX PECYPCOM) 33149 BPEMEHHO YBEJINIUBACTCS.

OTMeTHM, 9TO YaIne UCIOMB3YETCS MPOCTON MEXAHU3M HACJIEIOBAHNS TIPUOPUTETOB (CM. BBIIIE).
IIpu ycaoBuu npumenenust 3Toro nporokosa Liu u Layland nokazasu, 910 mianupoBanue CuH-
XPOHHBIX 33]a4 JTOJI?KHO YIOBJIETBOPATH [JIJIsi KAXKA0r0 k CJIELYIOUEMY YCIOBUIO

rae Ap — 3TO MaKCUMAJIbHOE BpeMsi OXKUIAHWS 337a49u Kk, KOTOPOE SIBJISIETCS CyMMON BpeMeH,
IIPOBE/IEHHBIX 33J1a9aMU C MEHBIINM [IPDHOPUTETOM B KDUTUYECKUX CEKIUAX.

6.1.4. Pa3zpabGoTka XOpoOIlIo IIJIAHUPYEMBIX 3aJa4d

Kakum 661 “ymHBIM” He OBLT AJICOPUTM HA3HAYEHUsI MPUOPUTETOB U IJIAHUPOBAHUS HEBEPHO
HANMCAHHAS 33398 MOXKET UCIOPTUTH ODIIYI0 3arpyKEHHOCTh cCUcTeMbI. PaccMoTpuMm, Hanpumep,
cnenytomyio cucremy. Ilycre B cucreme ecth nBa Bxoma A;, B; w gBa Berxoma A,, By. se
3agauu 17, Ty 3aHUMAIOTCS MIOJyYEHUEM JIAHHBIX C BXOJA, X TPEOOPA30BAHMEM U Tepejadeil Ha
COOTBETCTBYIOIIMI BbIxo/. Kak OyIeT pacnpeesieHo BpeMsl MeXKJ1y STUMU JBYMs 33 0a9aMu’
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6.2. IlepekroueHne KOHTEKCTA

ITpu ucnonp3oBanuu kiaaccuaeckoro nojuara (polling), Korna 3a1a4u OCTOTHHO ONPAIIUBAIOT
BXO/] HA HAJIMYME JAHHBIX, BCE IPOIECCOPHOE BPEMS PA3AeJIsieTCs] MeXK/y HUMHU.

ITpu 3TOM BO Bpemsi 00pabOTKY JAHHBIX JIJisl TIEPBON 3aa49M JAHHBIE BTOPOR MOryT OBITH OTE-
PSIHBI, IOCKOIBKY OHM He OBbLIN B3STHI BOBpeMs. Eciu ke Tpebyercs 3amyCcTuTh emne OqHy 33039y
T5, 1O BpeMmsi Jisi Hee JIOJKHO 3aBUCETh OT TOro, ObUIM JiM JaHHBbIE HA BXOjAe 3a1ad 1) wiu
T> (IOCKONBKY OT 3TOrO 3aBUCUT BpeMsi WX pabOTHI U, COOTBETCTBEHHO, BPEMS, OCTABIIEECS IO
CJIEJIYIOIETO 3aMPOCa, JAHHBIX).

OHako, MBI BCe PABHO MMeeM TPH MOCTOSIHHO paboTarommuye 33a4u. Hanydiree penienne fiist
IUIAHUPOBAHUSI: 3 IIPOLECCOPA, HO 3TO CIUIIKOM J0poro. Eciu »xe pa3gessite BpeMst MEXy STUMU
3aza9aMu, TO cucrema OyJer mCrnonb30BaTh 2/3 MPOLECCOPHOTO BPEMEHM, JAXKe eCJIM BXOAHBIX
JTAHHBIX HET.

C TOYKYM 3peHust CHCTEMBI PEAHbHOIO BPEMEHN HAWJIYdIllee PEIIeHre — 9TO aKTHUBI3ANS 33,134
T, u T, npepbBaHWEM IO TOTOBHOCTHU JAHHBIX.

6.2. IlepekaroueHue KOHTEKCTA

Konrekcr 3a1a4u — 570 HaGOP AAHHBIX, 33JAI0IIUX COCTOSIHHE IIPOLECCOPA IIPU BBIIOIHEHUH 33~
naqu. OB6bIMHO COBIAAAET ¢ HAGOPOM PErUCTPOB, JOCTYIHBIX JJIsi U3MEHEHUs IPUKJIAIHOM 3a1a4€.
B cucremax ¢ BUPTYaJIbHOM NAMSATHIO MOXKET BKJIKOYATH PEIUCTPBI, OTBEYAIOIUIHME 33, TPAHCIISIUIO
BUPTYaJIbHOIO apeca B busndecKuil (0ObIYHO JOCTYIHBL HA 3aIUCH TOIbKO OIEPALMOHHON CHCTe-
Me).

I[lepekirovyenHne 3a4ad — 9TO IEPEXOJ MPOLECCOPA OT MUCIOJHEHUs] OAHON 3aJadui K JPYTOii.
Mozker 6bITh UHUIMUPOBAHO:

1. IWIAHMPOBIIMKOM 33134 (HAIPUMED, OCBOBOIMIICS PECYPC U B 0Y€PEib FOTOBBIX 3334 MO,
OKMJIABIIAs €r0 IPUOPUTETHAS 33/1a44.),

2. mpepbIBaHUEM (aNMapaTHBIM MPEpPbIBaHUeM) (HAIPUMED, 3aIPOC HA OOCITYKUBAHNUE OT BHEII-
HEro yCTPOMCTBA),

3. uckjo4YenueM (IPOrpaMMHBIM NpepbiBaHueM) (HAPUMep, CUCTEMHBINA BBI30B).

[TockonbKy KOHTEKCT HOHOCTBIO ONPENEIsSeT, KaKasl 331348 Oy JeT BBITOIHSATHCS, TO 3a9aCTYI0
TEPMWHBI “NEPEKJII0YeHre 331a49° U “TIePEKJIF0YEHNE KOHTEKCTA yHOTPEOISIOT KAK CHHOHUMABI.

Ounpenesnenne. Tucneryep (dispatcher) — sTo momyns (mporpaMma), orBedaromuii 3a nepe-
KJTFOUEHNE KOHTEKCTA.

IIpwn nepeksroueHun 3a1a4 aucneryepy HeoOXOAUMO:

1. KOPPEKTHO OCTAHOBUTH PADOTAIOIILYIO 33/1a4y; JJIsl ITOTO

a) BBINOJHUTH MHCTPYKIMK TEKYIIEH 3818491, yKEe 3arpyKEeHHbIE B MIPOIECCOP, HO eIe He
BBINOJIHEHHBIE (COBPEMEHHBIE TPOLECCOPHI UMEIOT BHYTPH €e0s1 KOHBeHepbl MHCTPYKITHIA,
Ky/ia MOIYT 3arpy»karbcsi 6osee 10 nHCTPYKUMii, HEKOTOPbHIE U3 KOTOPHIX MOIYT ObITH
BECbMAa CJIOKHBIMU, HAIPUMED, 3aIIUCATH B NAMSTH 32 PErucTpa), O6bIMHO 3TO AE1aeTCs
anmnapaTHO;

6) COXPAHWTH B ONEPATUBHON MAMATH PErUCTPHI TEKYIIEH 33/1a49u;

2. HaTH, MOATOTOBUTH U 3arPy3UTh 3aTPeOOBAHHYIO 33,144y (00pabOTYNK NPEPHIBAHUN — B 3TOM
ciydae TpebyeTcs ele yCTAHOBUTH UCTOYHUK MPEPHIBAHMNS);

3. 3amyCcTUTh HOBYIO 33J1a4y, JJI ITOTO

a) BOCCTAHOBUTH U3 ONEPATUBHOM MAMSTH PErMCTPBI HOBOH 3a1a4uu (COXpAaHEHHbIE DAaHEe,
€CJIM OHa, J0 ITOrOo yKe paborasa);

6) 3arpy3uTh B IPOIECCOP MHCTPYKIUM HOBOH 3a7a9m (COBPEMEHHBIE IPOLECCOPHI HAYU-
HAOT BBINOJHATH HHCTPYKIMU TOJIBKO MOCIE 3arpy3Ku KOHBeepa), 3ta (hasa gaenaercs
AIIapaTHO.
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8. 0630p onepanuOHHBIX CHCTEM PEAJIBHOIO BPEMEHH

Kaxkmast u3 3Tux cTauii BHOCUT CBOM BKJII B 33I€PXKKY TIPU MEPEKTIOYEHIN KOHTEKCTA. 110CKOITb-
Ky J1000€e NpUJIo’KeHrne PeaibHOrO BPEMEHU JIOJIPKHO 00eCIednTh BBhIIA4y Pe3yJbTaTa B 33IaHHOE
BpEMsi, TO 9Ta 33/IEPKKA JTOJKHA, ObITh MaJIa, JETEPMUHUPOBAHA, ¥ M3BECTHA. DTO YUCIIO SIBJISETCS
onHOM n3 BaxHehmux xapakrepucruk OCPB.

JlerepMUHUPOBAHHOCTH OCOOEHHO BarkKHA Hpu 00pabOTKE IMPEPHIBAHMIA, OCKOJbKY MX MOXKET
OBITH HECKOJIBKO B OY€PEM IIPEPHIBAHUN, 1 00PA0OTINK AOJKEH 00CIyKUTh ux Bce. [Ipuioxkenue
JIO/I2KHO 3HATH, CKOJIBKO BPEMEHU ITO 3aMMET B HAUXY/IIEM CIIydae.

6.3. IlpepriBanusa

HpepI)IBaHI/ISI ABJIAIOTCA OCHOBHBIM UCTOYHUKOM COO6HL€HI/I$I BHEIITHUM yCTpOﬁCTBOM O 'OTOBHO-
CTU NAHHBIX WM HEOOXOIUMOCTH Tepenaun NaHHBIX. [0 caMOMy HA3HAYEHWIO CHCTEM PeabHOIO
BPEMEHU, TPEPBIBAHUS SIBJITIOTCSI OJHUM U3 OCHOBHBIX 00hekToB B OCPB.

Bpewmsi peakiuu Ha TpEpPHIBAHUE — 3TO BPEMSI TIEPEKJIIOYEHUS] KOHTEKCTA, OT TEKYINEi 3318491 K
nporeaype 00pabOTKY NPEPHIBAHUSI.

B MHOro3amagHbIX cucTeMax BpeMsi OXKHIAHWS IPEPbIBAHKS (CO6bITI/I$I) MOXKEeT ObITb MCIIOJIb-
30BaHO IPYToi 33ma4eii.

[IpepniBanue MOXKET MPOU30UTH BO BpeMsi 0OpabOTKM CHCTEMHOTO BBI30BAa U BO BPEMsI KPUTH-
YeCKOI CEeKIUn.

7. YnpaBjieHHE aMATbhIO

Wcnonp3oBanue BUPTYAIbHOM MaMSTH SIBJISIETCS HACTOJIBKO yJIOOHBIM CPEJCTBOM Pa3/ieeHust
3a/a4 1 obecrneyeHns UM HEIPEPHIBHOTO aIPECHOTO MPOCTPAHCTBA, HAUMHAIOIIErOCsl ¢ (PUKCUPO-
BAHHOI'O aJ[peca, YTO OHO KCIIOJIB3YeTCsI BO MHOTUX CHUCTEMaX.

OHako, HaIMYME BUPTYAJIbHON MaMsATH IpoTuBOpeunT ocHOoBHBIM npuHimnam OCPB.

e Jlaxxe ecyv BCE CTPAHUIIBI BUPTYAJIHHON MAMSTH HAXOAATCS B (DUBUIECKON TAMSTH, 3a/1€P¥K-
Ka, BHOCMMasl [IPU TPAHCJISIINY aJIpeca, He AerepmunupoBana. OHa 3aBUCUT OT TOTO, ObLIM JIU
y¥e obpalleHus K JaHHOW cTpaHuie (T.e. HAXOAUTCS JIM OHA B KIIIE TPAHC/ISIIUAU CTPAHUIL,
naseBaemom TLB, Translation Look-aside Buffers).

e Eciu ke He BCe CTPAHUIBI BUPTYAJIBHON MAMSTH HAXOISTCS B (PU3MUIECKON MAMSITH, TO 33~
JIEP’KKA, BHOCHMASI TIPU TPAHCIISIIIUN ATPECa, He TOIHKO HE JIETEPMUHUPOBAHA, HO M MOMKET
ObITH OYEHBb OOJMBINON (BKJIIOYAET BpEeMsl 3arpy3KU CTPAHUIBI C JUCKA). s yMeHbIIeHUs
sToit mpobsiembr, OCPB npenocTaBasioT crepaabHbIe CUCTEMHBIE BBI30BHI, ‘3aKperisorie’
YKA3aHHBIE CTPAHUILI B (PU3UIECKOI TaMsATH (T.€. 3alpenaronye NePeHOCUTh UX Ha, TUCK ).

8. O0630p omeparmoHHBIX CUCTEM PEAJIbHOTO BPEeMEHU!

Paccmorpum HEKOTOpPBIE M3 cuCTEM peasibHOTO Bpemenu. 1lo crmocoby pa3paborku mporpamm-
HOTO 00ECIEeY€eHNs UX PA3AEISIOT Ha, CIEAYIOIINE KATErOPIH:

e Self-Hosted OCPB - 310 cucrembl, B KOTOPBIX TOJIB30BATENN MOT'YT Pa3pabaThIBATD IPU-
soxkenwsi, paborast B camoit OCPB. O6srano 310 npegnosnaraer, uro OCPB noggep>xusaer
GaityIoByI0 cCUCTEMY, CPEACTBA BBOAA-BBIBOJA, M0JIB30BATE/IbCKUM MHTEPMENC, UMEIOTCS KOM-
NUJISITOPBI, OTJAAYUK, CPEIACTBA AHAJIM33 MPOrPAMM, TEKCTOBbIE PEAAKTOPbI, PAOOTAOMINE
oz yrnpasyienuem OCPB.

JIOCTOMHCTBOM TaKUX CUCTEM SIBJISIETCsT OOjIee IPOCTO M HATJISIIHBIN MEXaHW3M CO3IAHUS U
3aIlyCKa NPUJIOYKEHUH, KOTOpbIe pabOTAI0T HA TOM >Ke MallvHe, 9T0 ¥ 1osib3oBaresb. Heo-
CTATKOM SIBJISIETCSI TO, YTO MPOMBIIIJIEHHOMY KOMIIBIOTEDPY BO BPEMSI €TI0 PEATbHOMN HKCILIya-
TAUKU 9aCTO BOODIE HE TPeOyercs: moIb30BATENbCKIM NHTEPMENC ¥ BO3MOKHOCTh 3aITyCKa,
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8.1. “Kiaccuyeckue” cucreMmbl

TSI?KEJIOBECHBIX TPOrpaMM Bpoje KoMmmmiaTopa. CjemnoBaresbHO, OOJBITMHCTBO W3 OMUCAH-
HbIX BbItne Bo3MoxkHOcTeir OCPB npocTo He ncnoib3yTcst # TOMBKO 3psi 3aHUMAIOT MAMSITh
¥ APYrue PeCypPChl KOMIBIOTEPA.

O6bruno self-hosted OCPB npumensirorcst Ha “00bI4HBIX” KOMIBIOTEPAX IPOMBIIIJIEHHOIO UC-
nojiHeHus: (CM. onucaHue 00OpyIOBaHUS HA C. 8).

e Host/Target OCPB - 310 cucTembl, B KOTOPBIX ONEPAIMOHHAS CUCTEMA W (WJIK) KOMIIBIO-
Tep, HA KOTOPOM pa3pabarsiBatorcs npuioxkenus (host), n onepanuonnas cucrema u(wim)
KOMITBIOTED, HA KOTOPOM 3aIlyCKAIOTCs Ipuiioxkenus (target), pasiuanbl. CBsi3b MEXK Iy KOM-
bIOTEPaMK OCYIIECTBJISIETCS C MOMOINBIO mocsenoBaTenbHoro coemunenus (COM mopra),
ethernet, obmeit mmuer VME wim compact PCIL. B kagecrse host cucrembl 0OBIYHO BBICTY-
mafor komubioTep oz yupasiaeanem UNIX mwian Windows NT, B kagecrse target cucrembr —
[IPOMBIIIJIEHHBIA UJIM BCTPAmBaeMblit KomnbioTep nor yupasieauem OCPB. BemBator cucre-
MBI, B KOTOPBIX Ha OJHOM KOMIBIOTEpE PabOTAIOT JBE ONEpPAIMOHHBIX CUCTEMBI: “‘oObryHast’
¥ PeayibHOrO BPEMEHH.

JIOCTOMHCTBOM TAKMX CUCTEM SIBJISIETCsl MCIIOJb30BAHUE BCEX PECYPCOB “OOBIMHON’ CHUCTEMBbI

(taxmx, xak rpadmueckmii maTepdeiic, daiinosas cucrema, GBICTPBIA mpouEccop u GONb-
ol 0ObeM ONEPATHBHON MAMSATH) I CO3JAHWs TIPUJIOKEHWIA U yMEHbIIEHHE DPa3MEpPOB
OCPB 3a cuer BKJIIOYEHHST TOJILKO HYKHBIX IPUIOKEHNIO KOMIIOHEeHT. HemocTaTkoM siBiisieT-
Csl OTHOCHUTEJIbHASI CJIOXKHOCTH MPOTPAMMHBIX KOMITOHEHT: KPOCC-KOMIIMISITOPA, YAAJIEHHOTO
3arpy34uKa U OTJIQIINKA, U T..I.

OTMeTuM, 9TO, C OJHON CTOPOHBI, POCT MOIIHOCTY MPOMBIIILJIEHHBIX KOMIBIOTEPOB MMO3BOJISET UC-
nmoJib30BaTh self-hosted cucrembr Ha GOIBINEM YUCIIE BEIYUCTUTENBHBIX cucTeM. C Ipyroii CTOPOHBI,
YBEJIMYUBAIOIIEECsS PACIPOCTPAHEHNE BCTPAUBAEMBIX CUCTEM (B Pa3HOOGPA3HOM IIPOMBIIILIEHHOM
u GBITOBOM 06OPYIOBaHWH), pacummpsier chepy npuMenenus: host/target cucrem (mOCKONbKY mpm
GobpImX 00BEMAX BBITYCKA HEHA CHCTEMBI SIBJISIETCS ONPeIessonmM (haKTopoM).

B 3zaBucumocru or npoucxoxaenus, OCPB paznessitor Ha ciieayompe rpynnbl.

e O6praabie OC, ncnons3yemoie B kadectse OCPB. Yacro x 06sraasiM OC mobasnsor 10-
HOJIHUTE/ILHBIE MOJIYJIM, PEATU3YIOIIUe NOMJIEPKKY crenuduaeckoro obopyaosanus (Hanpu-
mep, muabl VME), a takake nuianupoBanue 33,134 u 00paboTKy NPEPbIBAHUI B COOTBETCTBUE
¢ rpeboBanusivu kK OCPB u criiaxkusaroniye HeBO3MOXKHOCTh IIPEPBATH SIAPO cUCTeMbI. Bee
TaKUe CUCTEMBI OTHOCATCS K pa3psiay self-hosted.

e Cob6crBenno OCPB — crneunain3upOBaHHbIE ONEPALMOHHBIE CUCTEMbI JJjisl IPUMEHEHUs B
3ama9ax peanbHOro Bpemenu. BrBaror kak self-hosted, rak wm host/target (6onpmumncTBO),
nexoropsie OCPB mognep:xkuBatoT 06e MOIesu.

e Creruasmsuposansubie (dactabie) OCPB — sro OCPB, paspaGoranHble 1y1si KOHKDET-
HOMO MHMKPOKOHTDPOJLIEPA €ro npousdBoaureseM. Jacro He siBisitorcs nonaonenabivu OC,
a TPeJICTABJISIIOT €IWHBIA MOAYJIb C MPUJIOXKEHUEM U 00ECHeuMBaIOT TOJHKO HEOOXOAMMBbIH
MHUHUMYM (DYHKIMOHATIBHOCTH. Bee Takue cucTeMbl OTHOCATCS K pa3psiay host/target.

ITo BHyTpEHHEMY CTPOEHHUIO PA3JIMYAIoT “Kiaaccudeckre”’ 1 O0bEeKTHO-OPHEHTHPOBAHHBIE CUCTE-
MBI.

8.1. “Kiaccuuyeckue” cucreMsnl

Paccvorpum cucrembl, OCHOBAHHBIE HA, KJIACCUIECKOM MPOLEILYPHOM TIOAXOIE K TPOrPAMMUPO-
BAQHUIO.

8.1.1. CHORUS

Cucrema CHORUS soimyckaerca dhupmoit Chorus Systéme (Saint Quentin Yvelines, France).
B nosbpe 1997r. dbupma npmobperena kommanmedi Sun Microsystems (Menlo Park, CA, USA).
OCHOBHBIE XaPAKTEPUCTUKN:
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1.
2.
3.
4.

10.

Tum: host-target (CHORUS/Micro u CHORUS/ClassiX) u self-hosted (CHORUS/MiX)
ApxuTeKTypa: Ha OCHOBE MUKDOSIPA

Crarnapr: coberBennsiit 1 POSIX 1003

CporicrBa kak OCPB:

e Mrorozagagnocrs: POSIX 1003 (MHOrOmpOnecCHOCTb U MHOT033,Ja9HOCTD )
e MHOronpomneccopHoCTh: 13,
e YpOBHel TPHOPHUTETOR:

e [TnannpoBanwne: npuoputernoe, FIFO; preemptive sitpo
OC paspaborku (host): CHORUS/UNIX /Windows

IIponeccoper (target): Intel 80x86, Motorola 68xxx, Motorola 88xxx, SPARC, PowerPC,
T805, MIPS, PA-RISC, YMP (Cray), DEC Alpha

JIuanwn cBsizu host-target: mociemoBaTenbHbIN KaHAJ U ethernet

Munnmanpaseri pasmep: 10Kb nns CHORUS/Micro, 50Kb anss CHORUS/ClassiX
CpencrBa cuaxpornsanuu u B3aumozgeiicreus: POSIX 1003 (cemadopsl, mutex, condvar)
Cpexcrsa pa3paboTKw:

e CHORUS/Harmony — unrerpmpoBaHHasi cpena paspaborku C/C-++, BKIOYAOIAst
KOMIINJIATOPBI, OTJIAAYUK, aHAJIU3ATOD

e CHORUS/JaZZ — BupryansHas mamuHa Java

8.1.2. LynxOS

Cucrema LynxOS seimyckaercs dbupmoii Lynx Real Time Systems (Los Gatos, USA). OcHos-
HbIE€ XaPAKTEPUCTUKU:

1.
2.
3.

® N oo o
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Tum: self-hosted

ApxHTeKTypa: Ha, OCHOBE MUKDPOSIIPA
Crargapr: POSIX 1003

Csaoiicra kak OCPB:

e Muoroszagaanocts: POSIX 1003 (MHOrONpOLECCHOCTh U MHOTO33,Ia9HOCTD )
e MHOronpomneccopHoCTh: 1a,
e VpoBHeit npuopuTeTOB: 255

e [Tnanuposanwme: FIFQ, round robin, Quantum; preemptive siapo
OC pa3spaborku (host): —
IIponeccopnr (target): Intel 80x86, Motorola 68xxx, SPARC, PowerPC
Jluaun cBsi3u host-target: —
MunnmastbHBIH pa3Mep:

e mnoJiHOM cucreMmsbl: 256Kb
e yceuenHoii cucremsr: 124Kb

e TOibKO siapa: 33Kb



8.1. “Kiaccuyeckue” cucreMmbl

Cucremy mMoxHO 3amucatb B ROM.
9. CpexcrBa cunxponusanuu u B3aumogeiicreus: POSIX 1003 (cemadopsl, mutex, condvar)
10. CpexacrBa pa3paborku:

e KowmmiekTsl paspabordnka, sriawodamomue kommuiasitop C/C++, otnaquuk, aHain3a-
TOp

o X Windows/Motif anst Lynx

e TotalView — MHOronpoImeccHbI# OTIaTIUK

8.1.3. QNX
Cucrema QNX soimyckaercs dpupmoit QNX SoftWare Systems (USA). Ocuosnble xapakTepu-

CTUKU:
1. Tum: self-hosted
2. ApxurekTypa: Ha OCHOBE MHUKDPOSIPA
3. Crangapr: POSIX 1003
4. CaoiicrBa kak OCPB:

e Muoroszagaanocrs: POSIX 1003 (MHOrONpounecCHOCTb U MHOTO33Ia9HOCTD )
e MHOronpomneccopHoCTh: 13,
e VpoBHeit npuopureros: 32

e [Inanuposanmne: FIFQ, round robin, agantusHoe; preemptive siapo
OC paspaborku (host): —
IIponeccoper (target): Intel 80x86
JInann cBsi3m host-target: —

Munnmasbnsrit pazmep: 60Kb

© ® N o

CpencrBa cuaxpornsanun u B3aumozeiicreus: POSIX 1003 (cemadopsl, mutex, condvar)
10. CpexacrBa pa3paborku:

e Kommektsl pa3paboranka, Brawgaonme kommwiatop C/C++, omragavk, anammsa-
top or QNX u He3aBucuMbIx mocraBiwkos (Hampumep, Watcom /SyBase);

o X Windows/Motif aist QNX.

8.1.4. 0S-9

Cucrema 0S-9 Boeimyckaercs dupmoit Microware (USA). OcHOBHBIE XapaKTEPUCTUKHY:
1. Tum: host-target

2. ApXHTEKTypa: Ha OCHOBE MUKPOSIIPA

w

. Crargapr: cOOCTBEHHBIH, BbI30BbI TIOX0KH HAa UNIX
4. CsoricrBa kak OCPB:

e MHOro3a1a4HOCTD: MHOTONPOIIECCHOCTD

e MHOronponeccopHoCTs:
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e VpOBHEI IPHOPUTETOB:

e ITnanupopanme: npuopurernoe, FIFO, cnenmanbubiii MexaHu3M NIaHUpOBaHUs (CM.
pasznen 6.1.1); preemptive aapo

5. OC paspaborku (host): UNIX/Windows

6. IIponeccopsr (target): Motorola 68xxx, Intel 80x86, ARM, MIPS, PowerPC
7. Jluanu cBs3u host-target: mociaenoBaTenbHbIN KaHat u ethernet

8. Munnmasnsusri pazmep: 16Kb

9. CpeacrBa CHHXPOHH3AIWHU M B3aUMOACHCTBHS: PA3Je/sieMast IaMsTh, CUTHAJIbBI, CeMaMOPbI,
cobbITHS, .. .

10. CpexacrBa pa3paborku:
e Hawk — unrerpuposannast cpega paspaborku va C/C++

e PersonalJava — Bupryanbaas mamwuna Java

8.1.5. pSOS

Cucrema pSOS seimyckaercs Integrated Systems (Santa Clara, USA). B dbespase 2000r. dbupma
npuobperena komnanueir Wind River Systems (Alameda, CA, USA). OcHOBHBIE XapaKTEPUCTUKA:

1. Twum: host-target
2. ApxurekTypa: Ha OCHOBE MUKPOSIPA
3. Crangapr: cOOCTBEHHbIH

4. (CpoiictBa kak OCPB:

MHuoro3zagagHoCTh: MHOTOIPOLIECCHOCTh ¥ MHOTO33,Ia9HOCTD
e MHOronpomneccopHoCTh: 13,
e VpoBHeit npuopureros: 255

e [InanupoBaHHe: IPUOPUTETHOE; preemptive sapo
5. OC pa3spaborku (host): UNIX/Windows
6. IIpomeccopsr (target): Motorola 68xxx, Intel 80x86, Intel 80960, ARM, MIPS, PowerPC
7. Jluamn cBs3u host-target:
8. Munumaspnusbii pazmep: 15Kb
9. CpexcrBa cuHxpoHu3anuu u B3auMoaedcrsus: cemadopsl, mutex, codbrrus, . . .
10. CpencrBa pa3paboTk:

e UnrerpupoBannas cpepa paspaborku va C/C++/Ada
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8.1.6. RTC

Cucrema RTC (Real Time Craft) semyckaercs dupmoit GSI-TECSI (Paris, France). Ocaosable
XapaKTEePUCTUKU:

1.
2.
3.
4.

10.

Tum: host-target (RTC) u self-hosted (RTC/PC)
ApXHTEKTYpa: MOHOJUTHASI

Cranzgapr: SCEPTRE (RTC) u cobersennniit (RTC/PC)
CporicrBa kak OCPB:

e MHOro3aaa9H0CTh: MHOTOIIPOIIECCHOCTh ¥ MHOTO33,1a9HOCTD
e Mmuoronponeccoprocrs: na (RTC); mer (RTC/PC)
e VposHeii npuopureTos: 65532

o ITnanuposanmue: npuopurernoe, FIFO; preemptive siapo
OC paspaborku (host): UNIX/Windows

IIponeccopsr (target): Intel 80x86, Motorola 68xxx, Intel 80C166, Am39K (mns RTC/PC -
tonbko Intel 80x86)

JIuanwn cBsizu host-target: ethernet
Mpuanvansasri pazuep: 1.5Kb (RTC); 4Kb (RTC/PC)

CpencrBa cuaxponnzanuu u Bzaumogericreus: SCEPTRE (cemadopsl, curaasbl, no9TOBbIE
SIIIVKY )

CpezncrBa pa3paborku:

o Komnunsrop C, ormaguuk Watcom TRC.

8.1.7. VRTX

Cucrema VRTX soinyckaerca ¢pupmoit Ready Systems (Sunnyvale, USA). OcuHoBHbIE Xapak-
TEPUCTUKU:

1.

2.

3.

© N o

Twum: host-target
Apxurekrypa:
Crargapr: cOOCTBEHHBIM
CporicrBa kaxk OCPB:

e MHOro3aaa9H0CTh: MHOTOIIPOIIECCHOCTh ¥ MHOT033,JaIHOCTD
e MHoronponeccopHoCTb: HET
e VpoBHeit npuopuTeTOB: 255

e [lnanmpoBaHHe: MPUOPUTETHOE; preemptive sapo
OC paspaborku (host): UNIX/Windows
IIponeccopsr (target): Motorola 68xxx, Intel 80x86, Intel 80960, PowerPC
JIuann cBsizu host-target: nocienoBarensHbIi kKanas, ethernet, muua VME

Munnmaspaseni pazmep: 16Kb
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9. Cpeacrsa CHHXPOHH3AIUHA U B3aAMOACHCTBH: ceMadOpPbI, 0Y9ePeIr, CUTHAJIBL, . . .
10. CpezncrBa paspaborku:

e MasterWorks — nnrerpupoBannast cpeja pazpaboTku
e Xray — CHeruajn3upPOBAHHbBINA OTIAINK

e Simulator Xray — amysnsTop sigpa

8.1.8. VxWorks

Cucrema VxWorks Boiyckaerca dpupmoit Wind River Systems (Alameda, CA, USA). OcHos-
Hbl€ XapPaAKTEPUCTUKU:

1. Twum: host-target

2. ApXHTEKTypa: MOHOJIUTHAS

3. Cramgapr: cobcrBennsiit 1 POSIX 1003
4. CroricrBa kak OCPB:

e MHOro3aaa9H0CTh: MHOTOIIPOIIECCHOCTh ¥ MHOTO331a9HOCTD
e MHOronponeccopHocTh: 1a,
e VposHeit npuopureros: 256

e [InanmpoBaHHe: IPUOPUTETHOE; preemptive sapo
5. OC pa3spaborkn (host): UNIX/Windows

6. IIponeccopsr (target): Motorola 68xxx, Intel 80x86, Intel 80960, PowerPC, SPARC, Alpha,
MIPS, ARM

7. Jluanu cBs13u host-target: mocienoBaTenbHbIN KaHat, ethernet, mmra VME
8. Munumaspnsbii pazmep: 5—8Kb

9. CpexncrBa cuaxpoHu3anuu u B3aumogeiicteus: cemadopsr POSIX 1003, ouepeau, curaasi,

10. CpexacrBa pa3paborku:

e TORNADO - unrerpupoBanHas cpena paspadorku C/C++
e VxSim — smyssitop st UNIX

o WindView — rpadwuuecknii BU3yaan3aTop COCTOSHUS 33134

8.2. OO0bEKTHO-OPUEHTUPOBAHHBIE CUCTEMBbI

Paccmorpum cucTeMbl, OCHOBaHHBIE HA OOBEKTHO-OPUEHTUPOBAHHOM MOIXO/IE K Pa3paboTKe
nporpamuoro obecneuenust (cm. pasuen 4.1). K nx quciy mMbl 6y1eM OTHOCUTL CUCTEMBI, HE TOJIHKO
NPEIOCTABJISIONIME CPEACTBA, PA3PAbOTKY U HADOPHI OUOIUOTEK [Jisi OO bEKTHO-OPUEHTUPOBAHHBIX
A3BIKOB, HO U CaMU HAaIIMCAHHBIE Ha TAKUX A3bIKaX.
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8.3. Cnenmasmsupopanusie (dactasie) OCPB

8.2.1. SoftKernel

Cucrema SoftKernel Boimyckaercs dupmoit Microprocess (Courbevoie, France). Ocuosbie xa-
PAKTEPUCTUKU:

1. Tum: host-target

2. ApXHTEKTypa: Ha OCHOBE 00LEKTOB-MUKDOSIIED
3. Crangapr: cOOCTBEHHBIH!

4. CsoiicrBa kak OCPB:

e MHOro3aaa9a0CTh: MHOTONIPOIIECCHOCTh ¥ MHOTO331a9HOCTD
e MHOronpomneccopHoCTh: 1a,
e VposHeit npuopuTeToB: 255

o Ilnanuposanne: npuopurernoe, FIFQ; preemptive sapo
5. OC pa3spaborkn (host): UNIX/Windows
6. IIpomeccopnr (target): Motorola 68xxx, PowerPC, Intel 80960, ARM, SPARC
7. Jlunwmu cBsi3u host-target: nocnegoBarenbHblil Kanai u ethernet
8. Munumaspnsbii pazmep: 40Kb

9. CpexncrBa CHHXPOHH3AIHUU H B3aUMOJEHCTBH:: CeMadOpPbl, CUIHAJBL, COOBITUS, NOYTOBBIE
AMUKA

10. CpexncrBa pa3paboTKH:

e SoftWorks — unrerpuposannas cpena paspaborku C/C++

8.3. Cunenumanusuposannsie (uactasie) OCPB

CucreMbl, TPOEKTUPYEMBIE MO/ KOHKPETHYIO MOJIEIb MUKPOKOHTPOJLJIEPA, WU KOHKPETHYIO 3a-
Jadgy, 00JIaIaI0T ONPEIeIEHHBIMU IPEUMYIIECTBAMU:

® HAWBLICIIAA IIPOU3BOAUTEJIBHOCTD,
® HAMJIYYINN ydeT 0COOEHHOCTEH 000Py10BaHusl,
e HAMOO/IBIIAS KOMIIAKTHOCTb.
Henocrarku
e GoJIbIIOE BpeMsl pa3paboOTKu,
® BLICOKASA CTOI/IMOCTI:»7
® HENEePEeHOCUMOCTb.

IMpumepamu rmakux cucrem sisasitorcsi OCPB, paspaboranHbie MHOMMMHU TPOU3BOAUTENISIMU
9y1eKTPOHHON TexHuku (Sony, Sagem, ...), a Tak»Ke CUCTEMBI, Pa3pabOTAHHBIE NOJ KOHKPETHYIO
GosbInyio 3a0a4dy (HanmpuMep, ynpasienue xkeye3abivu goporavu TGV Bo @panrun).
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8.4. CucreMmsbl Ha ocHOBe Linux

Paccmorpum cucremsr Ha ocHOBe Linux — ¢cBo60HO pacnipocTpaHsieMoii Bepcun cucteMbr UNIX.
OHa mosTyYniia 3HAYUTEIBHOE PACIIOCTPAHEHNE HA, HACTOJIBHBIX KOMIBIOTEPAX B CUJIy CBOeil Oec-
IUIATHOCTH M KadecTBa. [losiBUBmIMCH HA MammuHAaX ¢ mpomeccopamu Intel 80x86, ceiivac ona mos-
nepzxuBaer nponeccopsl Alpha, SPARC, PowerPC, ARM, Motorola 68xxx, MIPS. OTkpbiTOCTH
HCXOHBIX TEKCTOB CUCTEMBI [TO3BOJISIET PEAJIN30BLIBATH HA, €6 OCHOBE CIIENNATN3UPOBAHHBIE CUCTE-
MbI ¥ 00€CIE€YUBATH HOAAEPXKKY HOBOrO 000Dy I0BAHMSI.

IIpucnocobsenne cucrembr Linux kK TpeboBaHusIM “peasIbHOIO BPEMEHU MPOUCXOAUT 1O CJIELY-
OmUM TpeM HaHpaBJIeHI/IHM.

1. Ilongep>xkka crasgapToB POSIX, kacaromuxcs cucreM peajibHOro Bpemenu. Cranmapt
POSIX 1003.1c (thread — pabora c 3amadamu) yxke mojzepxkad, crangapr POSIX 1003.1b
(pacimpenust peajibHOrO BPEMEHU) MOJIEPIKAH JIUIIb YACTUIHO: PEaJU30BAHBI MEXAHU3MbI
praB.HeHI/IH IIaMATBI0 1 ME€XaHU3MbL HﬂaHI/IpoBaHHﬂ 3&;[3,‘17 MEXaHU3MBbI 2Ke pa6OTI)I C Tafime-
pamu, curHasibl, POSIX cemadops! n ouepean coobuiennii moka He peain30BaHbl.

2. ITogmepkKa CIenuaJibHOr0 00OPY/OBAHMS, BAXKHEAIINM U3 KOTOPBIX SIBJISI€TCS IIUHA,
VME. ¥Yxe cymecrsyer nojiepxkka mocra VME-PCI. Bexnyrcs pazpaborku no obecnede-
Huio BbinosHeHus Linux u3 I13Y. Tak:ke miist cucreM peajJbHOrO BPEMEHHU BasKHBIM SIBJISIETCST
MTOBBIIIIEHNE PA3PEIIEHNsT TAiMEPA CUCTEMBI.

3. Peanmusamusa MexaHmW3sMa preemption Ojas siApa CUCTEMBI. DTOT MEXaHU3M, C OJHOMN
CTOPOHBI, SIBJISIETCSI HEOOXOAUMBIM JJIsi TOrO, YTOOBI CUCTEMY MOXKHO OBLIO HA3BIBATH CHCTE-
MO# peajIbHOrO BPEMEHHU, 3 C APYIrO¥l CTOPOHBI, OH SBJISIETCS OYEHb CJIOXKHBIM [IJIsi Peajin3a-
mur. Linux, kak u Bce UNIX cucrembl, HAZOTO 3aIpeIaeT MIPepPhIBAHAS IIPA BXOAE B SAPO
CHCTEMBI, U sIBJISIETCSI CYIIECTBEHHO HE preemptive.

Cy1iecTByeT HECKOJIBKO MPOEKTOB peanm3aiuu premption mis siapa Linux. ITo cmocoby perme-
HUA 33Ja491 UX MOXKHO Pa3JesuTh Ha JB€ TPYIIbIL.

1. Mexanu3m preemption peaju3yercsi IyTeM MEPENUCHIBAHUS S1Pa, CUCTeMbI (6J1ar0 OHO J0-
CTYIIHO B MCXOJHBIX TEKCTax). Ha 9TOM myTH MOXKHO JOCTHYH CAMBIX KA4ECTBEHHBIX PE3YJIb-
TATOB, HO HA JAHHBI MOMEHT 3HAYHUTEJIbHBIX YCIEXOB B ITOM ILJIAHE HET IO CJIELYIOLIIM
[IPUYHHAM:

a) CmmKOM GOMbIOH 00beM pabOThI, CBA3AHHBIA ¢ OOMBIINM 00BEMOM SIIPA;

0) C/IMIIKOM BBICOKAS CKOPOCTb M3MEHEHWsl s/pa, IPUYEM U3MEHEHWsI BHOCATCS, HE yUu-
ThIBas UHTEPECHI PEAJIbHOI'O BDEMEHU.

2. Mexanu3m preemption peagu3yercs IIyTeM HAIUCAHNS MUKPOSIPA, OTBEYAIONIErO 33 AUCIIET-
q9epU3aUI0 IPephIBaHui 1 3a4a4. A apo Linux paboraer Kak 33,1994 ¢ HU3KAM IPHUOPUTETOM.
CaMo s1p0o JIMIIb HE3HAYUTEILHO U3MEHEHO, [JIsl [IPEI0TBPAIleHrs] OJOKUPOBAHUS UM AIIIIa-
PATHBIX MPEPBIBAHUN. 3a/Ia9M B TAKOM CUCTEME PA3IEIEHBI HA JIBE T'PYIIbI:

a) mpouecchl, paboramomuye I[0J YIPaBJIEHUEM TOJBKO MUKPOsSApa (HE HCIOIL3YOIe
dyukuun saapa Linux); 9T mpouneccsl yZ0BJIETBOPSIOT TPEOOBAHUIM DEATHHOTO BpPE-
MEHH, IOCKOJIbKY MOLYT IIPEPbIBATL PO Linux;

6) mpomeccel, paboraronue o yupasieaueM Linux (0ObIYHbIE TPUIOXKEHWSs, KOTOPhIE B
JIAHHOM CHCTeMe PACCMATPUBAIOTCS KaK MOJ33Ja49u mporecca — siapa Linux), a takxke
3a/1a4uu paboTaoITHe M0 yIPaBIeHNeM MUKPOSIIPAa, HO NCTIOIb3yomue GyHkuun Linux;
9T NPOLECCHI HE YJOBJIETBOPSIIOT TPEOOBAHUSIM PEAJIHLHOIO BPEMEHH, IIOCKOIbKY MOI'YT
6bITh GJIOKMPOBaHBL sigpoM Linux.

Hepocrarkom Takoro moaxoja siBjisiercs HeOOXOAMMOCTb Peau3alnuu MHUKPOsApa, obeciie-
YUBAOIIErO (bYHKIMOHUPOBAHUSI TPOIECCOB PeabHOrO Bpemenn. Hanpumep, eciau mporece
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PeaJIbHOrO BPEMEHHU XO4YeT paboTaTh ¢ KOMMYHUKAIMOHHBIM mopToM (Hanpumep, COM mop-
TOM), TO ApaiiBep TOrO MOPTA HAJAO MEPEHECTH W3 sApa Linux B MUKPOAAPO (HOCKOIBKY
¥CII0/Ib30BaHue apaiisepa Linux caenmaer 9T0T mpomece 3aBUCUMBIM OT TEKYIIEHN 3arpy2KEHHO-
CTH CHCTEMBI U IPYTUX HEmpenckasyembrx GbakTopos). Hambomee 3aKOHIeHHON peanm3anueit
9TOro Moaxoza siBjsgercs mpoekt RT-Linux.

8.4.1. RT-Linux

Cucrema RT-Linux siBjisiercsi CBOOOIHO PACIPOCTPAHSIEMO, pa3padaTbIBAeMOM SHTY3UACTAMHU
B psaje yauBepcuteroB Mupa. Co3nana B New Mexico Institute of Mining and Technology (USA).

IIpencraBisier coboil mpocTeiiliiee MUKPOsIIPO, OTBEYAIOIIEe 33 CO3JAHNE U IUIAHNPOBAHME 3a-
a4, obecriedeHne nx B3aNMOJIEHCTBYS U IUCIETIYEPU3ALUIO TpephIBanmii. Peann3oBan mpocreimuii
[MPUOPUTETHBINA MEXAHU3M ILUIAHUPOBAHUS M €IMHCTBEHHBIH MEXaHU3M B3aUMOJAENCTBUS — OYepeb
coobuienuit FIFO. dapo Linux paboraer kak camasi Hu3Konpuopureraas 3aa4a. Camo siapo noz-
NPABJIEHO: MAKPOOIPEIEIEHNUS, OTBEYAIONITE 38, 3ANPENeHne,/ PA3PENIeHne TPEPhIBAHUI 3aMEHEHBI
HA BBI30B COOTBETCTBYONMX DyHKIMH MUKPOsiapa. 3anaqn Linux He MmoryT npepsars siapo Linux,
33]a4M YK€ MUKPOSIAPA — MOTYT.

Tunuysbiit Mexanu3M HYHKIHOHUPOBAHKS CUCTEMBI Cyieyomuil. Kpurudeckasi 4acTh npuiio-
JkeHusl (HATIPUMED, TIOJyIeHHE TAHHBIX C JATINKA) PEATM3yeTCs KAK MPOIeCe MUKPOosiapa. JacTs,
OTBEYAONIAsT 33 BU3YaJIU3AIMI0 U XPAHEHNe NAHHBIX, Peajn3yercsi Kak mporecc Linux. DT aBa
MPOIECCa B3aMMOIEHCTBYIOT MOCpeacTBOM ouepenu coodmenuii FTFO.

ITpocrora MUKpOsiIpa MO3BOJISIET PA3PAOOTYNKAM JIEFKO €ro MOAMMDUIMPOBATE JJIsl YA0BJIETBO-
PeHUsT CBOUX MOTPEOHOCTEI.

Munumanbubiii pazmep cucrembr gist 3anucu B II3Y (6e3 X-Windows) — 2.7Mb.

8.5. “Cucrembr” Ha ocHoBe Windows NT (Microsoft)

AprymenTsr Microsoft "3a"ucnonszoBanne Windows NT B kauecrse OCPB.
e MHOronpomecCHOCTh ¥ MHOTO33Ja9HOCTD CHCTEMBbI.

o Tloameprkka MHOIOIPOLECCOPHOCTH.

Preemption 3amaq.

Preemption mpepbiBanuii 1 BO3MOXKHOCTH UX MAaCKHPOBaHUs. PacupesieneHue mpepbIBaHUM
MeXKIy TIPOLECCOPAMH B MHOTOMPOIECCOPHOM cucreme. J[is yMEeHbINeHnusT BpeMeHH MpebbI-
BaHUs B mporeaype obpaborku npepbsanus (Interrupt Service Routine, ISR) obpaboruuk
BBI3BIBAET criemmanbayio nponeaypy (Deffered Procedure Call, DPC) u 3akamuuBaer pabory.
OcHoBHast esATeIbHOCTD 110 00paboTke npepbiBanus BoinoHsiercss DPC. Ilpouenype DPC
HA3HAYAECTCA IIPUOPUTET U OHA HAYUHAECT BBIIIOJIHATCHA, YIIPDABJAdE€Masd IIJNIAHUPOBIIUKOM.

o ACHHXPOHHBIM BBO,Z[/ BBIBO/I.

e IIpawmoit mocTyn kK oGopyaoBanuio nocpeacrsom unrepdeiica HAL (Hardware Abstraction
Level). HAL ofecneynBaer u30/sMI0 NPUIIOKEHNs OT JETAJEH pean3anui 000Dy I0BAHYS,
obecneunBast 111aTHOPMEHHO-HE3ABUCKUMBIN NPsIMOI TOCTYI K 000DPYJOBAHUIO.

e CnenpasnbHasi CxeMa MPUOPUTETOB. Bce MPpUOPUTETHI PA3/IE/IEHBI HA, IBE TPYIIIbL:

1. Knacc punamuueckux npuopureros (16): npuopurers: ot 0 1o 15 (0 — campuii Hu3kuil).
9T IPUOPUTETHI TUHAMAYECKH MEHSIIOTCS IJIAHMPOBIIMKOM TI0 AJITOPUTMY, BIU3KOMY
k npursitomy B UNIX cucremax (cMm. pasgern 6.1.2).

2. Kuacc npuopuTeToB peasbHOro Bpemenu (7): npuoputerst 16, 22-26, 31. Dtu npuopn-
Terbl (PUKCUPOBAHBI, 33/1a9K U3 ITOrO KJIACCA ILUIAHUPYIOTCS HA OCHOBE NPUOPUTETHOM
OoYepesId U TOJYYaloT YIIPABJIEHUE PAHBIINE 337849 ¢ JUHAMUYECKUMY TPUOPUTETAMU.
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e IIpocTpaHCcTBO BBOIA-BHIBOIA, s 33039 U3 KJIACCA, PEAJIHHOIO BPEMEHH HE YYaCTBYET B CTPA-

HUYHOM OOMEHE MEeXaHMU3Ma, BHpTyaJIbHOﬁ IIaAMATH.

o Jlyisi 3aKpensieHnst CTPAHUL, 33/1a491 B IIAMSITHA CyIIECTBYeT CIEIUAJIbHbII CUCTEMHbBI BHI30B

(VirtualLock()).

e IIpenocraBisitoTCs OO BEKTHI CHHXPOHUBAINN: KPUTHIECKHAE CEKINH, TAltMephbl, COOBITHUSI, MU-

tex, ...

Aprymentsr "nporus"ucnons3osanust Windows NT B kauecrse OCPB.
e dAnpo cucrembr He preemptive.

o Henocrarku mexanusma DPC:

1. Bce npoueaypst DPC, Bbi3biBaeMbie 00pabOTIMKOM IPEPHIBAHUIMA, IOy YAI0T OAUH U TOT
ke TpuopuTeT (U3-38 MAJIOro KOJIUIECTBA, IPUOPUTETOB) U 06pabaThIBAIOTCS IIJIAHUPOB-
mmkoM B nopsigke nocrymieans (FIFO). Tem caMbiM HU3KOMPUOPUTETHBIE TPEPHIBAHUS
OyayT 00pabaThBATHECS PAHEE BHICOKOIPUOPUTETHBIX, HO MOCTYIUBIINX MTO3IHEE.

2. Cucrema He maer BO3MOXKHOCTH y3HATh, cKoibko DPC cromr B ouepemm, mosTomy
HeJIb3sl y3HATh, KOTJa HadHeT oOpabaThIiBAThCs MpepbiBaHue. TakuM obpa3oM, cyiie-
CTBYeT Cay4aiiHas 33/1ep>KKa MeK/Iy TPUXO/IOM IIPEPHIBAHNS U HA4aJI0OM ero 00paboTKH.
OTrmeruM, YTO TSt TAKUX OBICTPOAEHCTBYIONMX YCTPOMCTB, KAK JAMCKOBBIE U CETEBBIE
KOHTDOJLJIEPHL, 33/1€P2KKA B HECKOJIbKO MUJIJIUCEKYH/I MOXKET OKA3aThCs KPUTUYECKOM.

3. ns KaxKaoro mnpepbiBaHusl TOJLKO omuH dk3eminiasp DPC moxer ObiTh B odepenu.
CnenoBarensro, nporeaypa DPC momkHa ymers 00pabaThiBaTh TOBTOPSIIONIUECS TPe-
pbIBaHUs, 3 000PYIOBAHKE NOKHO yMETh Oy hepu3npoBaTh NPEPHIBAHUS BO N30€KAHNE
MOTEpPHU JAHHBIX. DTO yIAOPOKAET KAK JpaiBepbl yCTPOHUCTB, TaK U 060PYIOBAHUE.

Ormerum, uro HecmoTpst Ha Hepoctarku DPC, Windows NT BeiHy)eHA BBIHOCUTH 00pa-
6orky npepbiBanuii u3 ISR B DPC, nmockonbky Bo Bpemsi ISR Bce npepbiBaHust 3amnperieHb
¥ UX MOKHO MOTEPSITh.

Majioe KOIMYeCcTBO MPUOPUTETOB B KJIaCCe peasibHOro BpeMenu (7) NPUBOAMUT K TOMY, UTO
MHOrO 33734 OyIyT MMETb OJWHAKOBBIA NMPUOPUTET U ILIGHUPOBATHCS AJCOPUTMOM THIIY,
round robin. CiienoBaTeIbHO, BpeMsi 10 HAYAJIA UCIOJTHEHUsI 33,1a49u Oy 1eT CIydaitHoi Bejm-
YMHOM (3aBUCUT OT TEKYyIIel 3arpy?KeHHOCTH CUCTEMBI).

He pemena npobiema unsepcun npuopureroB (cM. paszen 6.1.1). Bmecro TpagumuonHo-
ro gis OCPB wmexanusma macnenoBanus npuopureroB (cM. paszzgen 6.1.1) Windows NT
HA3HAYAET 33a4€, N3-33 HU3KONPUOPUTETHOCTH IPOCTANBAIOIIEN B TEIEHNE HEKOTOPOIO ITe-
pPUOJA BPEMEHHU, CIIyYallHbI yPOBEHb MPUOPUTETA, MO3BOJISIONUA el Ha9aTh pabory. DTO
uenpeackaszyemo u menpuemiiemo st OCPB. ITockonbKy npuopurer 3a/1a49 KJIacca PeaibHO-
rO BPEMEHM HE MEHSIETCs, TO 9TOT MEXaHU3M JAEMCTBYET TOJHKO HA 331391 U3 JTUHAMUIECKOTO
KJIACCa. TeM CaMbIM CHUTYaIWsi TOJBKO YXYJIIAETCS: TPUOPUTET HU3KOMPUOPUTETHBIX 33,039
PEAJIbHOrO BPEMEHU HE MEHSIETCsi, 8 BHICOKOIPUOPUTETHBIE 33Ja49U MOI'YT ObITh BBITECHEHBI
COBCEM HU3KONPUOPUTETHBIMU 33]a9aMU U3 JUHAMUYIECKOIO KJIACCA.

BricokonpruopurerHbe 331349u MOTYT OJIOKHPOBATHLCS HU3KOIPUOPUTETHBIMEU. Jle0 B TOM,
9TO MPUOPUTETHI 33139 U3 KJIACCA PEAJBHOTO BPEMEHH BCE-TAKM MOryT MeHsiTCsi. HekoTopbie
KOMITOHEHTHI sipa pabOTalOT Ha yPOBHE IPUOPUTETA, AUHAMUYECKOrO Kjacca. CremoBaresib-
HO, HEKOTOPbIe CUCTE€MHBIE BbI30BBI IIDUBOJAT K IIOHMKEHHUIO IIPUOPUTETA U BBIBOAY 339K
13 KJjiacca peasbHOro Bpemenu. [pu 3rom oHa MoXxker ObITh 320JI0KMPOBAHA JPYTOi 331346,
MMeBIIel 70 3TOro 0ojiee HU3KU MPUOPUTET.
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e Bce crpanuibl HEaKTUBHOTO mporecca (HApUMED, OXKUAAOIIErO JAHHBIX ), MOTYT OBITh -
PEHeCeHbI Ha, JUCK, HECMOTPs Ha, 3aKperieHne ux Bb30BOM VirtualLock (). 9To nmpuBoguUT
K CIIy9afiHBIM 3a/I€P?KKAM TIPY aKTUBU3ALUM TIPONECCa, (HAIPUMED, MPU MOCTYTIJICHUA OXKH-
JIABIIUXCS TAHHBIX).

st Windows NT odunmuanbHO He NPUBOASITCS BPEMEHA CHCTEMHBIX BBI30BOB M BPEMEHA,
OJIOKMPOBAHKS IIPEPHIBAHMIA.

e CucreMy HEBO3MOXKHO HCIIOIB30BATH 0€3 AUCIUIES U KIABUATYDHI.
e Cucrema npeabsiisier caummkoM 6osbinue qi1ss OCPB 3ampocs! Ha TaMsaTh.

st ycrpaneHus: 3TUX HEAOCTATKOB Psifi KOMIIAHUI IPEIIATaeT NMPOrPpaAMMHBIE (annapaTHBIE)
cpeacrBa. OCHOBHBIE UIEH WX IOCTPOEHHUs Te 2Ke, 9T0 U Ay Linux. [ToCKOIbKY MCXOMHBIN KO
CHUCTEMBI HEJIOCTYIEH, TO, B OT/IndnMe OT Linux, CyIIecTByeT TOJBKO OJWH CIIOCO0 MPUCITOCOOUTH
cucreMy K TpeDOBaHHUAM PeaJIbHOIO BPEMEHHU: pa3paboTaTb MUKDPOSAAPO, 00ecrednBaoee Halje-
JKallee IJIAHUPOBAHWE 33734 U gucrnerdepusanuio npepbiBannii, a Window NT BbeimonmHsTh Kak
IIPOIECC.

8.5.1. Hyperkernel

Cucrema Hyperkernel Beimyckaercs ¢pupmoit Nematron. IIpeacrasisier coboit siapo, obecrnedn-
BAIOIIEE IETEPMUHUCTUYHOE ILUIAHUPOBAHME U PADOTANOIEe HA YPOBHE mpuBmieruii () mporeccopa
Intel 80x86 Bmecre ¢ Windows NT. 3azaun Hyperkernel ve Bugast Windows NT. Iist Hux omnpe-
JleJIeHbI 8 yPOBHEl IPUOPUTETOB ¢ preemptive mianupoBanuem. B kayecrse cpeicrsa pa3paboTku
ucnosb3ytores crasgaprabe 1st Windows NT kommmasitopsr Visual C/C++ n cnenmpansabie 6u6-
smoteku. Ucnosbayercs APT Win32 u cranmaprasii HAL. Pa3zpemenune taiivepa: 1 MUKPOCEKYH A,
MUHAMAJIbHBIA KBAHT BpeMmenu 20 MUKPOCEKYH 1. Bpemsi 3a7epkKu peakuuu HA MPEPLIBAHNE: § M-
KPOCEKYH/I, TIePEeKJII0YeHrne KOHTEKCTa — 4 MukpocekyHapr Ha Intel Pentium 133Mhz.

8.5.2. LP RT-Technology

Cucrema LP RT-Technology Boimyckaercs dbupmoit LP Elektronik GmbH u Brirowaer Tpu
KOMIIOHEHTBHI.

1. Inary anst mmaer ISA; obecnednBarouryo 7 IONOMHUTENBHBIX yPOBHEN npepbBanuit. s
B3aMMOIEUCTBUST C OCTAJIbHOM cucTreMoil miara ucnoabdyer NMI — mHemackupyemoe mpepbi-
BaHue mporeccopa Intel 80x86.

2. LP-RTWin Toolkit — xommiekr paspaborumka ISR, ucnons3yemsrit coBmectro ¢ Visual
C/C++ u ornaguukom SoftICE dupmsr NuMega.

3. LP-VxWin RTAcc — nporpaMMHbI#i KOMILIEKC, 00ecednBaonuii cocymecrsoBanne Win-
dows NT u VxWorks na ogaom PC. [IBe onepanuoHHbIE CUCTEMbBI B3aMMOAEHCTBYOT TOCPEI-
crBoM mipotokosa TCP/IP yepes pasmensemyro maMsaTb. B KadecTBe cpecTBa pa3pabOTKH
ucnonb3yercs Tornado — komrutekT paspaborunka misi VxWorks.

8.5.3. Realtime ETS Kernel
Cucrema Realtime ETS Kernel Boinyckaercsi pupmoit Phar Lap SoftWare B aByx BapuanTax.

1. TNT Embedded ToolSuite, Realtime Edition, sxirouarommmit: Realtime ETS Kernel,
ETS TCP/IP, ornamaux CodeView ¢ mopmepxxxoit Borland Turbo Debugger accemGuep
386ASM, linker, nopmepxky xomnmastopos Visual C/C++, Borland C/C++, Watcom
C/C++ u API Win32.

2. Realtime ETS Kernel — nonnas 3amena Windows NT, Bkiitouaer: KOMIIAKTHOE siIpO
(28Kb), nonmepxusatomee Win32 API u mcnonb3yiomee CTaHIAPTHBIE OUOIMOTEKH KOM-
MIUJISITOPOB; SIAPO UMeeT 32 ypOBHSI IPHOPUTETOB U MOXKeT ObITh 3amucano B I[I3Y.
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8.5.4. Component Integrator

Cucrema Component Integrator seinyckaercst pupmoit VenturCom, Inc. B orminumne or mpe-

AbIAYIIAX CACTEM, 31€Ch HE BBOAUTCA HOBOE AP0, a NPEAJIAralOTCs ITaKeThl, PACIINPAIOMIE P
y3kux mect Windows NT.

1. Embedded Component Kit (ECK), Briroyaromuii: moaaep:kky paboTsl 6e3 quciest u

KJIABMATYPbI, YMEHbIIEHNE [TOTPEOHOCTH B TIAMSITH, OTKJIIOYEHUE CTPAHWYIHOrO 0OMEHA, 1101~
JnepKKy (uenr-maMsitu (BO3MOXKHOCTD 3arpy3ku ¢ ¢uien-namsatu oobemom 10Mb) u munb
VME.

. Real-time Extension (RTX), Brirogarommuii: moziepkKy raiiMepos (paspeuiesue — 1 Mu-

KPOCEKYH/13, MUHUMAJIbHBINA KBaHT BpeMenu — 100 MUKPOCEKYH]T), OTK/II0YEHUE BUPTYAJILHOM
naMaTH, paboTa ¢ GUMIECKOH maMaThi0 (T.€. TOXKAECTBEHHOE OTOOPAXKEHWE BUPTYAJIbHOM
naMaTy Ha Gusmaeckyo), 128 HOBbIX ypOBHEH mpuBuyernii. BpeMs 3a1€pKKM PeaKuuy Ha
npepbiBaHue: 5—20 MUKPOCEKYHT,

8.5.5. Willows RT

Cucrema Willows RT soinyckaercs ¢dupmoit Willows SoftWare, Inc. B ornuume or npeupi-

JyLIUX CUCTEM, 3/1eCh npuiokeHue Boobuie He Oyxger 3amyckarbcsi B Window NT. Windows NT
KCIIOJIB3YETCS TOJBKO KaK MIaTdopMa pa3paboTKu, IPUJIOKEHNE XKe OyaeT padoTarsh MO yIIpaB-
senueMm Hacrosmeit OCPB (QNX, VxWorks, ...). Cucrema cocrouT u3 Tpex dacreii.

. Bubnmoreku TWIN32 u TWIN16, 3amensromue 6ubanoreku Microsoft u peasmusyromume API.
. TWIN Platform Abstraction Layer, sinpo, obecneuuBaroiee cucremubie Bbi3oBbl Microsoft.

. TWIN Binary Interface, obecneunBatormumii Tpauciasiuuio Bbr3oBoB Platform Abstraction

Layer B API ucnonszyemoit OCPB.

9. YA3pIKu pa3paboTKu Jjisi CUCTEM PEaJIbHOTO BPEMEHU

OCHOBHBIMU KPUTEPHUSIMH TIPU BBIOOPE sI3BIKA /IS PA3PabOTKH IIPUIIOKEHNST PEATHBHOTO BpeMe-

HU ABJIAIOTCHA:
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1. TlonydeHne HaWBBICHIEN MPOW3BOAUTEIHHOCTHU IIPUJIOKEHNS PEAJbHOrO Bpemenu. 13

9TOro Tpe6OBaHI/ISI KaK IIPaBUJIO BBITEKACT, YTO A3BIK JOJI2KCH 6bITb KOMIIWJINPYEMOr'o (KaK
C, C++), a me unrepnperupyemoro (kak Java) Tuna, u Jjisi HETO JOJKEH CyIIeCTBOBATD
KOMOUJIATODP C BBICOKOII CTEIIEHBIO OINITUMU3AIUN KOJA. OTMeTI/IM, YTO OJid COBPEMEHHBIX
MPOIIECCOPOB KAYECTBO KOMITMJITOPA, OCOOEHHO BAXKHO, MOCKOJBKY JJisi HUX ONTUMU3AIUS
MOXKET yCKOPSITh PabOTy NPOrpaMMbl B HECKOJBKO Pa3 110 CPABHEHUIO C HEOITUMU3UPOBAH-
HBIM BAPUAHTOM, IIPUYEM YACTO ONTUMU3NPYIOMUH KOMIUIISITOP MOXKET [OPOAUTH KOJ| Hostee
OBICTPBINM, YeM HANKMCAHHBIN HA acceMbjiepe 4eJI0BeKOM. TeXHOIOrnu ONTUMUBAINNA PA3BUBA-
FOTCsI TOCTATOYHO MEJJIEHHO U 9aCTO TPEeOYIOTCs roabl Ha, PAa3pabOTKy BHICOKO3(hMOEKTUBHOIO
KOMIUIATOPA. [loaTOMy OOBIYHO st OOJiee CTApbiX W C DOJiee MPOCTOM CTPYKTYPOil SI3bI-
KOB UM€EKTCA 60.]'[66 Ka4eCTBEHHbIE KOMIIUJIATOPDI, Y€M JJid JOCTATOYHO MOJIOABIX U CJIO2KHO
YCTPOEHHBIX A3BIKOB.

. ITonygyenme moctynma K pecypcaM 000pyaoBaHuUsi 00 MOCPEICTBOM SI3BIKOBBIX KOH-

CTPYKIHiA, TUOO0 MOCPEICTBOM UMEIOIIUXCS [IJIsI BRIOPAHHOTO sI3bIKA OMOINOTEYHBIX (DYHKITHIA.

. Bo3sMo>XHOCTb BBI30Ba MPOIEAYypP, HANMCAHHBIX Ha APYTOM sI3bIKe, HAIPUMEp, Ha

si3bIKe accembuiepa. 13 3moro TpeboBaHMsI BHITEKAET, 9TO I10CJIEJ0BATEILHOCTD BBI30BA, 1101~
nporpaMM (MEXaHU3M MMEHOBaHMsI OOLEKTOB, MEPEIadn APryMEHTOB W MOJLy4e€HUs] BO3BPa-
[Ia€MOr0 3HAYEHMUsI) JOJKHA OBbITh JJOKYMEHTUPOBAHA, JJisi BHIOPAHHOIO S3bIKA.



9. f3pikm pa3pabOTKH IS CHCTEM PEAJIBHOI'O BPEMEHH

4. TlepeHOCHMOCTD TIPUJIIOKEHUS, 1101 KOTOPOi OOBITHO TMOHMMAIOT KaK BO3MOXKHOCTH €ro
CKOMIUJIMPOBATH APYTUM KOMIUJISTOPOM, MMEIOIMMCST Ha, TOH ke maardopMme, TaK U BO3-
MOKHOCTD €r0 CKOMITMJIMPOBATD HA, APYro# miardopme u / U APYTOil ONEPANMOHHON CuCTe-
Me.

5. ITogmepkKa 00'b€KTHO-OPMEHTHPOBAHHOIO IIOAX0/A CTAJIa B IIOC/IEIHEE BpeMs HeOoD-
XOAMMOCTBIO, 339aCTYI0 BBIXOJs B CIIMCKEe TPeOOBAHWI HA MEPBOE MECTO. ITO OObsICHSET
ncnosb30Banue a3bika Java 8 OCPB.

YacTo mMOMUMO MEPEYHCIEHHBIX BBIIIIE TEXHUIECKUX TPEOOBAHUIN BHIOOD sI3bIKA PAa3pabOTKHU JUK-
TyeTCsi OPraHU3AIUOHHO-(DUHAHCOBBIMUA MOTHUBAMU:

1. BeiOupaTh DPUXOAUTHCI W3 CINCKa IOAJEPXKUBAEMbIX S3BIKOB, KOTOPBIMU OOLITHO
sapisorcs C u C++. Y nocrasumka OCPB ObiBaer MOXKHO 3aKA3aThb IMOJEPKKY HOBOI'O
SI3BIKA, HO 9TO OyJeT CTOUThH OYEeHb JOPOTO.

2. BrIOOp s3BIKA MOXKET JUKTOBATHCs HAJIWYNEM 3HAYUTEJIbHO ob0'beMa mporpamMmm-
HOro obecriedyeHus Ha 3ToM s3bike. QO0brunHO pupma-pazpaboruuk 110 (mporpaMmHOro
obecredenrsi) y>Ke UMEeeT apXuB IPEIbLy X Pa3pabOTOK, U A3bIK, HA, KOTOPOM OHU HAIIW-
CaHbI, IMKTYeT B 3TOM CJIy4ae si3blK JIJIsi HOBbIX Pa3pabOTOK.

3. Boibop s3bIKa MOXKET AUKTOBATHCI OTPACIEBBIM CTAaHIAPTOM B TOU obJsacTu, st
KOTOPO# murercs npusoxenue. Hanpumep, misi pa3paboTok B Boenuoi#t obsjactu B CIITA
npunat si3eik Ada, u Bce ITO s 310t cepbl MUIIETCST HA, ITOM SI3bIKE.

Ocuosuble s3bKu paspadorku gus OCPB:

e Accembuiep. ObecrneynBaeT NOIyYeHUE HAWBBICIIEH MTPOU3BOIUTEILHOCTH, TIPSIMOM JTOCTYI
K 000PY/IOBAHUIO, BO3MOXKHOCTD BBI30BA JIFOOBIX MPOLEAYP HA Apyrux sizbikax. OmaHako, npu-
JIO2KEHUSI TIOJIy9AI0TCsI HE TIEPEHOCUMBIME, 00 bEKTHO-OPUEHTUPOBAHHBIN [IOAXO0, OTCYTCTBY-
er. OObIYHO acceMOJep WCIOIb3YeTCs TONBKO [IJIs HANKCAHWST HEOONBIINX W YEeTKO JIOKA-
JIN30BAHHBIX (DPATMEHTOB MPUJIOKEHWsI, TAKUX, KaK 00pabOTYMKY NpepbIBaHuil, ApaiiBepbl
YCTPOMCTB, KPUTUIECKUE 110 BPEMEHU UCIIOJIHEHUS CEKIUH.

e C. ObecneuuBaer oIy YeHUE BBICOKON IPOU3BOIUTEILHOCTH 33, CYET XOPOIIO PA3pabOTAHHBIX
ONTUMU3UPYIONIMX KOMIIMJISTOPOB, KOTOPBIE 71 COBPEMEHHBIX IIPOLECCOPOB 9aCTO JAIOT KO
60s1ee 3 hexTUBHBIN, YeM HaUCAHHBIM HA accemburepe. A3bik C naer npsimoit qocryn K 060-
PY/IOBaHUIO ¥ BO3MOXKHOCTB BBI30Ba MPOLIEAYD HA APYTUX si3bIKAX. [IPUIIOKEHN ST TIOTY YAI0TCsT
neperocuMbiMu (ocobenno, eciu OCPB nomnepkuBaioT OIUHAKOBbIA CTAHIAPT, HATIPUMED
POSIX), onxako, 00beKTHO-OPUEHTUPOBAHHBII IIOX0, HA, YPOBHE S3bIKOBBIX KOHCTDYKLUIT
OTCYTCTBYET.

o C++. Bkutouaer s3bik C Kak MOAMHOXKECTBO U HACIEAYET BCE €r0 IOJIOXKUTEJIbHbIE KAYe-
crBa. C++ mobaBisier MOMIEPKKY 0O0bEKTHO-OPUEHTUPOBAHHOIO MOAXO0/IA HA, YPOBHE SI3bI-
KOBBIX KOHCTPYKIIWHA.

e Java. Kak si3bIK MHTEPIPETUPYEMOrO THIIA, MMEET OY€Hb HU3KYIO 3(DGDEKTUBHOCTH MOITY-
qaemoro koma. Jlocryn 0O0OpyIOBAHWIO W BBI3OBBI IMPOLEAYP HA JAPYIUX SI3BIKAX — TOJBKO
nocpenctsom Gubmmorednsrx Gyrkuumit (06prar0 Hamucanubx Ha, C). Java obecneunBaeT Han-
BBICIIYIO IEPEHOCHMOCTD IIPUJIOKEHNS — HA YPOBHE ABOMYHOIO KO, U SABJISIETCS O0bEKTHO-
OPUEHTUPOBAHHBIM SI3BIKOM.

e Ada. fI3bix Ada paspabarsiBascs (B 1975-1979rr.) cnenmanbHO 1Jist IPUMEHEHUsT BO BCTPa-
MBAaEMbIX CHCTEMAX U CHUCTEMaX PeasibHOro Bpemenu munucrepcrsa oboponnt CIITA. Obecme-
MBAET [OJIyY€HNEe BHICOKOM IPOU3BOAUTEILHOCTH 33 CUET XOPOIIO PA3PAOOTAHHBIX OINITHMU-
3UPYIOIIUX KOMIUIATOPOB. f3bik Ada naer npsimoit mocTyn k 060pyJOBAHUIO X BO3MOXKHOCTD
BbI30BA [IPOLEAYD HA APYIrUX A3bIKAX (4TO, OAHAKO, HE IIPUBETCTBYETCH CTAHAAPTOM). Ilpu-
JIOXKEHUST TIOJIy4Yal0TCs IEPEHOCHMBIMU 34 CYeT €XKErOAHON aTTeCTAly KOMIMISITOPOB HA
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yaoBjerBopenue ctangapry. OaHako, 00 bEKTHO-OPUEHTHPOBAHHBIN MOAXO0, HA YPOBHE SI3bI-
KOBBIX KOHCTPYKITUH OTCYTCTBYET.

Asbikn gyerBeproro nokoienusi (CASE cpencrsa). Cpencrea CASE (Computer Aided
Software Engenering) nostyumiu mmpoKoe paCipOCTPAHEHUE MpU Pa3pabOTKe NPUJIOXKEHU
PEaJIbHOTO BPEMEHM B CUJLy OOJIBIION CIOXKHOCTH HOC/IeAHUX. A3bIKK “49eTBepToro nokose-
Hus?” TPECTABJSIOT CO00U (hOPMANM30BAHHBINA CHOCO0 OMUCAHWUST OOBEKTOB, UX CBOWCTB U
B3aMMOOTHOIIeHHH Mexk 1y coboit. Ilo aromy dopMasibHOMY OMUCAHUIO “KOMIUIATOD” CTPO-
UT TEKCT NPUJIOKEHUs HA si3bIKE 60jee HU3KOrO ypOBHs (OOBIYHO IPEIOCTABIISIETCS BHIOOD
mexay C/C++/Java). 3arem 9TOT TEKCT MOKHO CKOMIMIUPOBATH y2Ke “O0bIIHbIM” KOMIIH-
astopoM. IlockombKy MOXKHO J00aBIATH (DpArMeHTHI HA sI3bIKE 00JIee HU3KOrO YPOBHSI, TO
CASE cpencTBa HACIEAYIOT BCE MOJOKUTETHHBIE CBORCTBA, MTOCJIETHETO.

10. Cpeapl pa3paboTKu AJisi CUCTEM PEaJIbHOTO BPEMEHU

K cpenam pazpaboTku B CHCTEMaxX PeajbHOIO BPEMEHU YIEJSIIOT 3HAYUTEJbHO OOJIbIle BHU-

MaHwusi, 9eM B “O0BIYHBIX CUCTEMAX. DTO CBI3AHO KAK CO CJIOXKHOCTHIO U OTBETCTBEHHOCTHIO Pa3-
pabaThIBaeMbIX PUJIOXKEHUHN, TAK U CO CIIOKHOCTHIO MOZETN Pa3paboTKu, KOraa miardopma, rie
pa3pabaThIBaeTCsl MPUJIOKEHUE, OTINIAELTCS OT MIAT(OPMBI, TIe OHO 3ammyckaercs. OCHOBHbBIE Tpe-
6oBanusi K cpegam paspabdorku ajis OCPB:

. Ilonnep>kka BHIOPAaHHOIO S3bIKa IIPOTrPAMMUPOBAHUSI.
. ObecneyeHue coBMecTHOM pabOThI KOJIJIEKTUBA pa3pabOTUYNKOB HAJL OAHUM IPOEKTOM.

. ObBecneyeHne ynpaBieHusl IpoeKTOM: nobasienue/ynasenue baiiioB ¢ aBroMarnde-

ckoit rerepanmeit makefile-oB, KOHTPOJIbL Bepcuii, BeIEHUE HECKOJbKUX KOH(MUTYDATIHIA.

. Obecneuenne pa3spaboTKM Jisi HECKOJBKHX IJIaTdOPM: pa3zejieHrne Pe3yJbTaTOB

TPAHCIAIUN OAHOI'O IIPUJIOKEHUA OJIA PA3HBIX IEJIEBBIX CUCTEM.

. IlonmepkKa 3amycka W OTJIAJAKW HOPUJIOXKEHUH (HAOMHUAM, 9aCTO CUCTEMA, TIe MPH-

JIOYKEHUE 3aIyCKAETCsl, OTJMIAETCS OT CUCTEMBI, TJe OHO pa3pabaThiBaercs).

. YupaBjieHue JOKyMeHTaIuel: CpejICcTBa, aBTOMATUYIECKOW T€HEPAIMU JIOKYMEHTAIUN U

Pa3HOOOPA3HBIX OTYETOB.

. BosmoxkHocTh IIOAKJ/IIOYE€HNsA BHEIIHUX YTHWJIAT. BO3MOXKHOCTHb HCIIOJIb30BAHUA AJIb-

TEPHATUBHOI'O PEIAKTOPA, KOMIIMISITOPA, OTJIAT9MKA, CPEICTBA KOHTPOJISE BEPCUil U T./1. DTO
IT03BOJISIET UCIIOJIB30BATH OJHY M TY K€ Cpefy pa3pabOTKH HA Pa3HBIX MIaTdopMax.

11. ApxuTekTypbl IPOIIECCOPOB

Paccmorpum apxuTeKTyphl OCHOBHBIX [IPOLECCOPOB, npuMensieMbix B OCPB.

11.1. OcHOBHBIE YePTHI APXUTEKTYPHI U UX BJUSHUE HA CUCTEMBI pe-

AJIbHOTO BpeME€HHn

Paccmorpum ocHOBHBIE ITyTH, KOTOPBIME PA3PAOOTIMKY IPOLECCOPOB MIBITAIOTCS IOBBICUTH MX

IPOU3BOAUTEIBHOCTD M TO, KaK 93TO BJIMAET Ha CUCTEMBI PEAaJIbHOI'O BPEMEHH.
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11.1. OcHOBHBIE YEPTHI APXHTEKTYPHI H HX BJIUSIHHE HA CHCTEMbBI DEAJIFHOTO BPEMEHHU

11.1.1. CISC u RISC mpomneccopsbl

OCHOBHO# BpeMeHHGH XAPaKTEPUCTHUKOM /It IPOLECCOPA ABISETCS BpeMsi [ukKia, pasraoe 1/F
rae F — rakroBasi yacrora mpoueccopa. Bpewmsi, 3arpadunBaemMoe mporneccopoM Ha 33,349y, MOXKET
6b1TH BbI4ucaeHo o ¢gopmynae CxT 1, rme C — uucsio nukIIoB Ha OHY MHCTPYKumio, T — Bpems
HA, OIVH IUKJI, I — 9MCI0 MHCTPYKIWI HA, 337a4y.

Paszpaborauku “knaccuaecknx” cucrem (koropsie Teneps Haszbaor CISC (Complete Instruc-
tion Set Computer)) crpemuwiucs ymenbmuth daktop I. B mpomeccopax peamm3oBBIBAIACH BCE
6oJiee CIIOKHBIE MHCTPYKIMY, JIJIsi BBIIOJHEHNS KOTOPHIX BHYTPU HErO CAMOrO 3allyCKAJIUCH CIe-
UaJIbHBIE TIPOLIEAYPhI (TaK HA3BIBAEMbIH MUKDPOKO.), 3arpyzkaembie u3 [I13Y BHyTpu nporeccopa.
DTOMY MyTH CIIOCOOCTBOBAJIO TO, YTO YJIYUIIEHUS B TEXHUKE MTPOU3BOJICTBA, IOy IPOBOIHUKOB 1€~
JIAJI BO3MOXKHBIM DPEAJIU3ALUI0 BCe DOJIee CIIOKHBIX MHTErPUPOBAHHBIX neneit. OJHAKO, HA 9TOM
IOyTH OY€Hb TPYJHO yMEHBIINTb IBa Ipyrux ¢axkropa: C NOCKOIbKY MHCTPYKIUU CJIOXKHBIE U
TpeOyIOT IPOrpaMMHOIO AeKOqupoBanus u T B Cuily ammaparHOi CJIOXKHOCTH.

Konuenmusa RISC (Reduced Instruction Set Computer) Bo3HUKJIA U3 CTATUCTUIECKOTO AHAJIN-
3a TOrO, KaK MPOrpaMMHOe obecrieueHre UCIoIb3YeT Pecypcehl mpoueccopa. VcereoBanus cucreM-
HBIX siIep U OOBEKTHBIX MOYJIEH, TOPOXK JEHHBIX ONTAMU3UPYIOIMMI KOMIUISTOPAMY, TOKA3AJIN
[OJIABJISAIONIEE JOMUHUPOBAHME MPOCTelnuX nHCTpyKiwmit gaxe B kojae jiisg CISC mammun. Caox-
HBbIE€ WHCTPYKIIUU WUCIOJIB3YITCS PEAKO, MOCKOJbKY MUKPOKOJ OOBIYHO HE CONEPXKUT B TOYHOCTHU
T€ TPOLEAYPhI, KOTOPBIE HYKHBI MJIs1 TONAEPKKH PA3IAYHBIX SI3BIKOB BBICOKOTO YPOBHSI M CPE
ucnosaenusi nporpamm. [Tosromy paspaboruuku RISC npoueccopoB yOpaiu peain30BaHHBIE B
MUKPOKO/IE MIPOLEAYPbl U IIEPEJAIN IPOrPAMMHOMY OOECIIEYEHUI0 HU3KOYPOBHEBOE YIIPABJICHHE
MAMIKUHONW. DTO [MO3BOJIMJIO 3aMEHUTH [IPOLEccOpHbIil Mukpoko B II3Y nHa nogunporpammy B 6osee
6bicTpoit O3Y.

Pazpaboruuku RISC mporeccopoB yirydinmuim npoOn3BOAUTENBHOCTD 33, CIET YMEHBIIEHUsT JBYX
dakropos: C (3a uCIOIB30BaHMs TOIBKO MPOCTHIX MHCTPYKumil) u T (3a cyer ynpoiieHus npo-
neccopa). OnHAKO, U3MEHEHWs, BHECEHHBIE [JIsl YMEHBIICHUs IWCJIA IUKJIOB HA WHCTPYKIWIO W
BPEMEHU HA [UKJI, UMEIOT TEH/IEHIUIO K YBEJIMYECHUIO YUCIa UHCTPYKUUI HA 33/1a9y. DTOT MOMEHT
Obw1 B ieHTpe BHUMaHUsST KpuTukoB RISC apxurekrypbl. OmHAKO, UCTIOIH30BAHUE OIITHMU3HDYO-
UX KOMIIUJISITOPOB U IPYTUX TEXHUIECKUX [MPUEMOB, TPAKTUIECKH JINKBUAUPYET STy MPOOIEMy.

11.1.2. Ocuosublie yeptbl RISC apxurekTypsb!

Y RISC nporeccopa BCe MHCTPYKIMUA MMEIOT OAMHAKOBBIM (DOPMAT M COCTOAT U3 OUTOBBIX
[oJIel, OMPEJEIISIONINX KO MHCTPYKIMY U UISHTH(DUIUPYIOMUX ee onepanabl. B cumy storo ge-
KOJUPOBaHUE HHCTPYKIIHI MPOU3BOJUTCS AIMMAPATHO, T.€. MUKPOKOJ He Tpebyercsi. [lpu sToMm B
CUJLy OJMHAKOBOIO CTPOEHUSI BCEX MHCTPYKLUHI IPOLECCOP MOXKET JIEKOAUPOBATH HECKOILKO IOJIeH
OJTHOBPEMEHHO J1JIsi yCKOPEHUSI STOr0 IIPOLECCa.

NucTpyKumu, Tpou3BOISIIME ONEPAUA B MAMSITH, OOBIYHO JUOO YBEIUYMBAIOT BPEMsl IUK-
J1a,, OO YUCII0 UUKJIOB HA MHCTPYKIUIO. Takue MHCTPYKIK TPeOYIOT JONOJTHATEIHLHOTO BPEMEHN
IS CBOET'0 MCIIOJTHEHN s, TAK KaK TPeOyeTCs BBIYNCIUTD a/IPECa OMEPAH/IOB, CIUTATE UX U3 IAMSITH,
BbIYUCJ/IUTH peByanaT OHepa]_H/II/I 1 3am1numcaTb €ro O6paTHO B IIaMSATh. I];.Hf{ yMeHbHIeHI/Iﬂ HEraTuB-
HOT'O BJIMSIHUSI TAKUX MHCTPYKUwit, pazpaborauku RISC npoueccopoB BeIOpanu apxurekrypy dre-
HHe/3aITCh, B KOTOPOH BCE OIEPAIN BBINOIHAIOTCS HAJl ONEPAHIAMI B PETUCTPAX HPOIECcopa, a
OCHOBHAsI MIAMSATb JOCTYIIHA TOJBKO IIOCPEJCTBOM MHCTPYKUmil urenusi/3amucu. st adpdbexrus-
Hoctu 3toro noaxona RISC mporeccopbl uMEIOT GOIBIIOE KOJIHYIECTBO PETHCTPOB. ApxXuTekTypa
YTEHWE /3ANKCHh TAKIKE MO3BOJISET YMEHBIIHTh KOJHIECTBO PEXKAMOB AJAPECAIAH TTAMSATH, 9TO TI03-
BOJISIET YIIPOCTUTH JEKOAUPOBAHUE UHCTPYKIUHA.

st CISC apxuTekTyp BpeMsi UCIIOIHEHUsI HHCTPYKIUU OOBIYHO M3MEPSIETCS B YUCTIE [UKJIOB
Ha uHCTpyKIwio. Pazpaborunku RISC apxuTekTyp, OJHAKO, CTPEMUJIUCH TIOJIYyYUTh CKOPOCTDH BbI-
[IOJIHEHUST UHCTPY KUY, PABHYIO OJHOH HHCTDPYKIHU 33 IUKJL.

st RISC npoueccopa BO MHOrMX CJIy4asiX TOJIBKO HAJUYUE ONTHMHIUPYIOHIETO KOMITHJISITO-
pa MO3BOJIsieT Pean30BaTh BCE er0 BO3MOXKHOCTH. OTMETHM, YTO KOMIIJISITOP MOXKET HAMJTY IIIIIM
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00pa3zom onTuMu3upoBaTh Ko uMeHHo st RISC apxurekTyp (B cuity ux npocrorst). IIporpaMmu-
poBaHMe HA si3bIKe accemOiepa ucuedaer st RISC npuioxkenwuii, Tak KAaK KOMIUJISTOPHI SI3IKOB
BBICOKOI'O YPOBHSI MOI'yT IIPOU3BOJUTH OYE€Hb CHAJIBHYI) ONTUMUBALMIO.

11.1.3. KoHnBeitepusamnus

KonBeitepuzanus siBisieTcsi OHUM U3 OCHOBHBIX CITOCODOB MOBBIIIEHUsT TPOU3BOAUTETHLHOCTH
nporeccopa. KouBeiiepHbIil mpomeccop MpUHUMAET HOBYIO MHCTPYKIIAIO KAXKIBIN IUKJ JAXKe eC-
JIM IPeAbLIy e NHCTPYKIUK He 3aBepiieHbl. B pe3yiprare BhINOIHEHNE HECKOIBKUX HHCTPYKIUN
TIEPEKPHIBAETCS U B MPOIIECCOPE HAXOATCS Cpa3y HECKOJBKO WHCTPYKIWI B PAa3HOM CTEMEHU TO-
TOBHOCTH.

Wcnonnenvre nHCTPYKIWiI MOXKeT OBITH PA3/EJIEHO Ha HECKOJBKO CTauii: BHIDOPKA, JTEeKOIM-
poBaHUe, UCTIOJIHEHNE, 3aNUCh pe3yabTaToB. KoHBeliep MHCTPYKIIUI MOXKET yMEHBIINUTH
YHCJIO TUKJIOB Ha, MHCTPYKIIMIO TOCPEACTBOM OJHOBPEMEHHOTO MCIOJHEHUS HECKOIBKUX WHCTPYK-
uuii, HAXOASIIUXCS HA PA3HBIX Craausix. 1Ipm mpaBuIbHON anmaparHOil peasn3anuu KOHBEHEp,
AMEIOIUI 7 CTaAuii MO2KET OJHOBPEMEHHO KCIIOJHSATh 7 [TOCJI€I0BATEIbHBIX nHCTPYKImii. HoBast
MHCTPYKIMsI MOXKET NPUHUMATHCH K KCIOJHEHUIO HA KAXK/IOM LUKJe, u 3PdEKTUBHAST CKOPOCTH
WCTIOJTHEHUsI, TAKUM 0OPA30M, €CTh OJWH IUKJ Ha MHCTPYKIui0. OIHAKO, 9TO MPEINOIAraeT, 9To
KOHBeliep BCErJa 3aIrQJIHEH MMOJI€3HBIMY HHCTPYKIUSIMU U HET 33/1€P2KEK B MPOXOKIEHUN MHCTPYK-
Uil 4epe3 KOHBeep.

VYupasyieHue KOHBEEPOM MHCTPYKIW Tpedyer Hajexkamero 3@ eKTUBHOrO yIpaBJIeHus Ta-
KuMU COOBITHSIMU, KAK TIE€PEXO0/IbI, NCKJTIOYEeHUSI WY MIPEePhIBAHUS, KOTOPHIE MOT'YT MOJIHOCTHIO
HAPYWUTh HOTOK nHCTPYKuwmii. Hanpumep, pe3ynbrar yCcsi0BHOIO nepexosa u3BeCTeH, TOIBKO KOIa
91a MHCTpyKumst Oymer ncnonHena. Kciu koHBeliep ObL1 3aII0JIHEH MHCTPYKIMSIMU, CJIELYOMUMU
3a MHCTPYKIMEH yCIIOBHOTO MEPEX0IA U MIEPEXOJT, COCTOSIIICS, TO BCE 9T MHCTPYKIIUU JOJIXKHBI OBITH
BBIOPOIIIEHBI U3 KOHBEHEPA.

Boisee Toro, BHyTpu KOHBeiiepa MOTyT OKa3aTbCs B3amMO3aBUCUMBbIe nWHCTPyKimu. Hampu-
Mep, eCTU MHCTPYKIWS B CTAAWU IEKOAWPOBAHUS NOJKHA YUTATH U3 SYEUKN MMAMATH, 3HAUECHUE
KOTODOI SIBJISIETCST PE3YILTATOM PAOOTHI MHCTPYKIUY, HAXOASINENCS B CTA NN UCIIOTHEHU ST, TO KOH-
Beiiep Oyer OCTAHOBJIEH HA, OIWH LUKJI, IOCKOJIbKY 3TOT PE3yJIbTaT OyJAeT JOCTYIEH TOJBKO [TOC/Ie
CTaIuU 3anKUCU PE3yJbTaTOB. 1103TOMYy KOMIMISITOPY HEOOXOAUMO HEPEeyHOPASOUINTh UHCTPYK-
U{Y B IIPOrPAMMeE TaK, YTOOBI IO-BO3MOXKHOCTHA M30€2KATH 3aBUCUMOCTEN MEXKIY WHCTPYKIUSIMU
BHYTDHU KOHBeliepa.

JlJisi yMeHbIIeHUsI BPEMEHU IIPOCTOsI KOHBEUEPa IIPUMEHSIIOT Psif Mep.

e Tabimmna perucrpos (register scoreboarding) nossomsier mpocieauTh 3a MCIONB30-
BanueMm perucrpoB. OHa umeer OuT Jyisi KaXKJOro perucrpa npoueccopa. Ecim 3ror 6ur
YCTAHOBJIEH, TO PETUCTD HAXOAWUTCS B COCTOSIHUY OXKUIAHWS 3aIMCH pe3ysbrara. Ilocme 3a-
UCU PE3YJIbTATA, 3TOT OUT COPACHIBAETCSI, pa3pelast UCIOJIb30BaAHUE TOr0 peructpa. Ecau
9T0T OUT COPOLIEH JJisi BCEX PErHMCTPOB, 3HAYEHUs] KOTOPBIX MCIOJIb3YIOTCS B TEKyLIEei uH-
CTPYKIOHUH, TO €€ MOZKHO BBIIIO/IHATH, HEe A02KKJaACh 3aBePIIeHUA HMCIIOJIHEHUA IIPEAbLAYINNUX
WHCTPYKIIHH.

e IlepenmenoBanme peructpoB (register renaming) siisiercsi annapaTHON TEXHUKOMN
yMEHbIIEeHUs] KOH(MDJIMKTOB U3-33 PEruCTPOBBIX pecypcoB. KoMuuastopsr mpeobpa3yioT s3bi-
KU BBICOKOT'O YPOBHS B acCeMOJIEPHBIM KO/, HA3HAYAS PETMCTPAM T€ WJIU WHbIE 3HaYeHus. B
CyNePCKAJISIPDHOM IIPOLIECCOPE Ollepalysi MOXKeT IIOTPefoBaTh PErucTp A0 TOTO, KaK IIpebl-
JIyIIast MHCTPYKIUS 3aKOHYUJIA, UCIIOJIB30BAHUE ITOTO PETUCTPA. DTO COCTOSIHUE HE SIBJISTETCS
KOH(INKTOM JaHHBIX, TTOCKOJIBKY ITOM omnepaiuu He Tpedyercsi 3Ha4eHne PErucTpa, a TOJIb-
Ko caMm peructp. OTHAKO, 9Ta CUTYaIps MPUBOIUT K OCTAHOBKE KOHBEHepa 0 OCBOOOXK/Ie-
Husi perucrpa. Vaes paspemenus 9Toi npob/ieMbl COCTOUT B CieayomeM: bepem cBOOOIHbLI
perucrp, IepeuMeHOBbIBAEM €ro Jjisi COOTBETCTBUS I1aPAMETPAM UHCTPYKIUH, U JAEM WH-
CTPYKIIUU €r0 UCIIOJIb30BATh B KAYECTBE TPEOYEMOro eii perucrpa.
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3aiep:KKU BHYTPYU KOHBEMepa MOTyT ObITh TAKKE BHI3BAHBI BPDEMEHEM JIOCTYIIA K ONepaTUBHOM
namsatu DRAM, KOTOpOe HAMHOTO MPEBBIIIIAET BPEMs IUKJIA. JTa MPODIeMa B 3HAUUTEILHON CTe-
NEeHW CHUMAETCs IPU UCTIOIL30BAHAN KM TaMaTu u Oydepa npeaBeibopKu MHCTPyKIwii (odepeau
MHCTPYKIMIA).

Tak kak norok muHcrpykuuit B8 CISC nponeccope HeperyssipHbIH U BpeMsi UCIIOJHEHUST O
HO# mHCTpyKmu (C * T') HE MOCTOSTHHO, TO KOHBEHEPM3AIMs B STOM CIIydae UMEET CEePbe3HBIH
HEJIOCTATOK, JeJIAONUil ee MajIonpuroaHoi K ucnonb3osanuio B CISC nporeccopax: nMeHHO, OHA
MPUBOJIUT K OYEHBb CUJILHOMY YCJIOKHEHUIO TTPOIECCOPA.

RISC mporeccopsbl UCHOMB3YIOT OJUH U TOT XKe (hopMaT BCeX MHCTPYKUUN JJisi TOrO, 4TOOBI
YCKOPHUTDH [EKOIUPOBAHNE W YIPOCTUTH YIIPABJIEHUE KOHBEUEPOM, IMOITOMY BCE MHCTPYKIUH WC-
[IOJIHSIFOTCS 33, OJIAH IUKJIL.

OpuuM u3 €cnoco0OB JAJIBHENIIEr0 MOBBIMIEHNs] OBICTPOJEHCTBIS SIBJISIETCS KOHBEHRepU3alusi
crazuii Koueeiiepa. Takue MpoIeccopbl HA3BIBAIOTCS CyMePKOoHBelepHbIMU. [Ipu TakoM moaxoze
KaXKJasl CTaJusi KOHBellepa, Takas Kak Ko (cM. Huke) wiam AJIY (apudmernmydeckoe u jornge-
CKO€ yCTPOMCTBO), MOXKET NIPUHUMATH HOBYI MHCTPYKIMIO KAXKIbIA IUKJI, JazKe eCJId 9Ta CTAusI
HE 3aBEPIIWJIA, UCIOJHEHUE TeKymield uHcTpyKimu. OrMeruMm, 9T0 100aB/IEHHE HOBBIX YPOBHE
KOHBENEePU3aIuu UMEET CMBIC TOJBKO B CIydae, €C/id Pa3pabOTINK MOXKeT 3HAYUTEJIbHO YBe-
JAUYUTh YacToTy uporeccopa. OQHAKO, yBesmYeHre NPOM3BOAUTEIbHOCTH 33 CYET yBEJIMYEHUSsI
BHYTPEHHEH 4acTOThI IIPOIECCOPA UMEET Dsij] HEJOCTATKOB. BO-IIEPBBIX, 3TO yBEIMYUBALT 11OTPED-
JIEHVWE YHEPruu MPOIECCOPOM, UTO JEJIAET CYNEePKOHBEHEPHBIE MTPOIECCOPHI MATOTPUTOIHBIMY JIJTsT
BCTPAMBAEMBIX CHUCTEM. BO-BTOPBIX, 3TO BBOAWUT HOBBIE TPYAHOCTH B COIPSI)KEHUU TPOIECCOPA C
MaMsThI0 HUXKHEr0 ypoBHsi, Takoi kak DRAM. BeicTpozeiicTBue 3Tol maMsTH pPacTeT HE TaK
OBICTPO, KAK CKOPOCTH IIPOIECCOPOB, IMOITOMY 4UeM OBICTPEE IPOLECCOP, TeM OOoJbIle Pa3pPhIB B
[IPOM3BOAUTEFHOCTY MEXKYy HAM W OCHOBHOM HAMSITBHIO.

Hpyrum cocoboM yBeandeHus POU3BOAUTEbHOCTY [IPOLECCOPOB sIBJISIETCs BBIIOJIHEHUE 60-
Jiee 4eM OJIHOU OIepaluy OJHOBPEMEHHO. Takue mpouneccopbl HA3bIBAIOTCS CyNePCKAISPHBIMM.
Onu nmeroT Ba MK 60Jiee KOHBEMepOB MHCTPYKIIUI, paOOTAOIINX MAPAJIETBHO, YTO 3HAUN-
TEJIbHO YBEJIMYUBAET CKOPOCTH 0OPAOOTKY MOTOKA MHCTPYKIWi. OIHUM U3 TOCTOMHCTB CyMEPCKA-
JISIPDHOM aPXUTEKTYPHI SBJISIETCS BO3MOXKHOCTD YBEJIMYEHUsT TPOU3BOIUTETLHOCTH 663 HEOOX0IMMO-
CTHU yBeJIMYeHUs 9acTOThI Iporeccopa. CynepckajsipHoMy mporeccopy Tpedyercs 6osiee MIMPOK Uit
JOCTYI K IIAMSTH, TAK, 9TO0BI OH MOT Oparh Cpaldy rPYyIILy U3 HECKOJbKUX MHCTPYKIUH JJIst UCIIOJ-
uenus. JucrneTdep aHAJIM3UPYET 3TU TPYNILI U 3AMOIHSIET KaYXKJBIA U3 KOHBEHEPOB TaK, YTOOBI
CHU3WUTH B3aMMO3aBUCUMOCTH JAHHBIX Y KOH(JIWKTHI PErHCTPOB. BBITOJHEHNE WHCTPYKIMHA MO-
KeT OBITH He 10 MOPSIIKY NOCTYILIEHUS], TaK, YTOOBI KOMAHIBI TIEPEX0/1a, ObLIN MTPOAHAIN3UPOBAHDI
pasblie, ybupast 331€p>KKKU B CJLy4ae OCyLIECTBJIEHUs epexoaa. KOMIuIsiTop [0/KEeH OnTuMu3u-
POBaTh KO, /1Jisi 00ECIIeYeH s 3AN0JIHEHUS BCEX KOHBEHEPOR.

TpeboBanue 0HOrO 1 TOrO XKe PECYPCa HECKOJbKUMY UHCTPYKIUSIMU OJIOKAPYET UX IPOJBUXKE-
HUE [0 KOHBEHepy ¥ IMPUBOIUT K BCTABKE IUKJIOB OXKuaaHus Tpedyemoro pecypca. Cynepckasp-
Hasl APXUTEKTYPA C TPEMsl UCIOJHSIIOIUMEI YCTPOUCTBAMY OyIET MOSHOCTHIO 3D PEKTUBHOM, TOJTb-
KO €CJIU TIOTOK MHCTPYKIMi 006eCednBaeT OJHOBPEMEHHOE UCIIOIBL30BAHNE ITUX TPEX YCTPOUCTB.
s obecriedenusi TOr0 yCJIOBUsi ¢ MUHUMAJBLHBIMUA PACXOJaMU B MPOIECCOPE BBIIESIOT WCIIOJ-
HSIIOLIME yCTPOMCTBA, paboTaronye He3aBUCUMO:

e ITesmounciennoe ycrpoiicrso (IU, Integer Unit) — BBINONHSIET HEIOYUCTEHHBIE ONEPAAN
(apudmernyueckue, JIOrMYECKre U onepaiyy cpasHenusi) B ceoem AJIY.

e YcrpoiicTBo auis paGorsl ¢ minasarorteit Toukoii (FPU, Floating Point Unit) — o6br4-
HO OTJIEJIEHO OT LEJOYMUCIEHHOTO YCTPOHCTBA, KOTOPOE PAbOTAET TOJIHKO C IEIBIMHU YUCTIaA-
My ¥ yuciaamu ¢ hukcupoBasHoil To4ukoil. Bosbmuacreo FPU coBmecTumbl co cranaprom
ANSI/IEEE st npom<HON apudMeTHKY C MIABAIOMEH TOIKOM.

e Ycrpoiicteo ynpasienunss nmavmarbio (MMU, Memory Management Unit) — Beramcisier
peanbHBIN HU3NIECKUN IPEC 0 BUPTYATHHOMY aIPECY.
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e YcrpoiictBo npeackaszanusi nepexonosB (BU, Branch Unit) — 3anuMaerca npezckasa-

HUEM YCJIOBHBIX MEPEXOI0B, /I TOro, 4TOObI M30eKaTh MPOCTOSI KOHBEHEPa B OXKWIAHUU
pe3yabTaTa BBIYUCIEHUS yCJIOBUSA IIEPEX0IA.

ITockonbKy yC/IOBHBIE IEPEXO/Abl MOI'YT CBECTH HA HET BCE IMPEMMYINECTBA KOHBeHepHOit opra-

HU3ALMK [IPOLIECCOPA, OCTAHOBUMCS Hostee 1o IpobHO HA npuemax, ucnosiabdyembix BU st ymenb-
IIIeHUs] UX HETATUBHOI'O BJINSHUA.

e “Omioxennbie ciaothr”’ (delay slots). WucTpykuuio, mepesaronlyo ypasjieHue OT OJHOM

YaCTH TPOrPAMMBI JIPYTOil, TPYAHO HCIOJHUTH 33 OAuH HuKJ. OOBIYHO 3arpy3kKa IpOIECc-
COPHOrO yKa3aTeJisl Ha CJIEAYIONLYI0 MHCTPYKUUIO TPeOYeT OAWH LMKJI, IPEeaBbIOOPKA HOBOMI
uHCTpYKUmu Tpedyer eme omwn. st w3bexkanus npocrosi, Hekoropbeie RISC mporeccopst
(nanpumep, SPARC) 103B0/SIIOT BCTaBUTH JONOJHATEIbHYI0 WHCTPYKIUIO B TAK HA3bIBAE-
MBI “OTJIOKEHHBIHN CJIOT’. DTa, MHCTPYKIMS, KOTOPasi PACIIOJIOYKEH, HEIIOCPEICTBEHHO MOCIIe
KOMAH/IbI IEPEX0a, HO OyZeT BBIMOIHEHA 10 TOr0, KaK OyJZeT COBEPIIEH MEPEXOI,.

Opnnako, st cynepckagasipabix RISC mporeccopoB OTIOKEHHbBIE CJIOThI PADOTAIOT HE OYEHb
XOpoImo. 3a/1epKKa MPHU MePexo/ie MOXKET ObITh JBA [UKJIA, & CYNEePCKAJSPHBIN POIECCOp,
KOTOPBIH BBITIOJIHSET 33 MUKJI N MHCTPYKUMN, JOIKEH HAUTHU N MHCTPYKUIUN AJ1S NOMEIIeHUs
B KOHBeUepHI.

¢ “CroekynsiTuBHOE” MCIIOJIHeHUe MHCTPYyKImii (speculative execution). Hekoropsie RISC

npoueccopbl (Hanpumep, crapiiue mogenu cemeilicts PowerPC u SPARC) ucnonb3yior tak
HA3bIBAEMOE 'CIEeKYJISITUBHOE  MCIOJHEHUE WHCTPYKIUI: TPOLECCOP 3arpyrKaeT B KOHBeHep u
HAYMHAET UCIOJHATh UHCTPYKIMK, HAXOJSIIMECs 33 TOYKON BETBJIEHMS, €€ He 3HAas, IPO-
u3oiger nepexox uiau Her. Ilpu 3ToM 4acTo BbiOupaercs HambOJiee BEPOATHAsS BETBb IIPO-
rpaMMbl (HA OCHOBE TOrO WJIM MHOTO TIOAX0/a, CM. HuxKe). Ecu nmocsie ucnojinenust KOMaH bl
MEPEX0Ia, 0KA3aJI0Ch, YTO MPOLECCOP HAYAJ UCIOJHATH HE TY BETBb, TO BCE 3arPyKEHHBIE B
KOHBeMep WHCTPYKIMYU W3 3TOM BETBU U PE3YJIbTATHI UX 00pabOTKU COPACHIBAIOTCS, U 3arPy-
2KAETCS [IPABUJIbHAS BETBb.

BuTel npeacka3aHus nepexoqa B uHcTpykmmu. Hekoropere RISC nponeccoper (Hanpu-
mep, PowerPC) ucnonb3yor GuThl NpecKa3aHus IepPexo/id, KOTOPbIE YCTAHABINBAET KOM-
MUJISITOP B MHCTPYKIIAU TEPEX0/IA, U MMPEICKA3BIBAOIINE, OY/IeT WU HET COBEPIIEH MEePEXO.

DBpucTUYECcKoe IpejcKa3zadue nepexonos. Hekoropsie RISC mponeccopb! ymMeHbmaoT
33J1eP?KKH, BHOCHMbIE [IEPEX0IAMH, 33 CIET UCIOIb30BAHNsI BCTPOEHHOTO IIPe/icKa3aTeJst
nepexoaoB. OH IPEACKA3BIBAET, ITO MEPEXObI BIepes (IPOBEPKH) MPOU3BEAEHBI HE Oy IyT,
a mepexopl Ha3a, (IUKJIIbL) - OyayT.

st 3¢pdexTuBHOI pabOThl yCTPOMCTBA, MPEICKA3AHNS IEPEX0a BAYXKHO, YTOOBI KOJ YCIOBUS

JLJIs1 yCJIOBHOI'O NEPEX0/1a ObLI BBIYUC/IEH KAK MOXKHO PaHbIe (38 HECKOJIbKO UHCTPYKLUi 10 cCaMOii

KOMaH/Ibl IEPEX0A,). DTOr0 JOOUBAIOTCS HECKOJIbKUMU CII0COOaMU.
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e HesaBucumocts apudmerndeckux omnepanuii u koga yciosusi. B CISC apxurekry-

pax Bce apudMeTHyecKue OIepanuy BHICTABISIOT KO YCJIOBUS 110 CBOEMY PE3YJIbTaTy. JTO
CZIesIaHo Jijis yMeHbIeHus akropa I — yucima nHCTPyKIuit Ha 33,1249y, TOCKOJIBKY €CTh BEPO-
SITHOCTH TOTO, YTO CJIEAYIOIIasi MHCTPYKIMs OyZeT BBIYUCIATH KO YCJIOBHS IO PE3YJIbTaTy
[IpeIbIAYInel MHCTPYKIMK U, CJI€AOBATEIHHO, MOXKeT OblTh yzaseHa. OIHAKO 9TO IPUBO-
JUAT K TOMY, 9YTO MeKJly KOMaHIO# BbIYUC/ICHUA KOJa YCI0OBUA U KOMaHIOH Nepexona O4eHb
TPY/IHO BCTABUTH IOJIE3HBbIE MHCTPYKIWH, TaK KaK OHM m3MeHsT Ko yciosus. B RISC ap-
XUTEKTypax apudMerndecKue Onepauuu He H3MEHSIIOT KOJ yCA0BHs (€Cu NPOTUBHOE SIBHO
HE YKA3aHO B UHCTPYKUUM, CM. HiKe). [109TOMy BO3MOXKHO MeXK/1y MHCTPYKIUEH, BEIYUCIsI-
FOIeil KOz, yCI0BUs, 1 KOMAHION IEPexX0/ia BCTABUTH APYTHWE MHCTPYKIWMHA ([epeynopsiI0InB
ux). DTO NO3BOJMT 3apaHee y3HATH, MPOM3ONIET WM HET MEPEXO M 3arpy3uTh KOHBEHEp
WHCTPYKIMSIMU.
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TTockonbKy BO3MOXKHA CUTYAIIHsI, KOTIA CIEAYIONIAsS MHCTPYKIWST OyIeT BEIYUCISTE KO YCJIO-
BUs 110 PE3yJIbTATy Opeapiaymeii uacrpykiuu, 7o B RISC apxurekrypax wacts (SPARC)
wm Bce (PowerPC) apudmernmueckue onepanmm TakKe UMEIOT BTOPYIO (GOpMy, B KOTOPOii
OyzeT BBICTABJIATHCS KOJ YCJIOBHS [0 UX Pe3yJIbTaTy. TakuMm 00pa3oM, 9acTh UKl Bce apud-
METHYECKHE ONEPAIUY MPUCYTCTBYIOT B ABYX BAPUAHTAX: OJUH HE M3MEHSIET KO, YCJIOBHS
(momasistomee GONBITMHCTBO CIy9aeB UCIOIb30BAHNUS), 8 APYTOMl BBIYUCISIET KOJ, yCIOBUSI
0 PE3YJIbTATY OTEPAIWN.

¢ Hcmosnb3oBalne HECKOJbKHX PaBHOIPABHBLIX PETHCTPOB ¢ KOaoM ycjaosusi. Heko-
ropeie RISC npoueccopsr (ranpumep, PowerPC) ucnosnb3yoT HECKOIBKO PABHOIIPABHBIX Pe-
TUCTPOB, B KOTOPBIX 00pa3yercsi Pe3y IbTaT BbIYUCIEHUS yCaoBus. Haa sTuMmu perucrpamu
onpeaeeHbl JIOru4eCKue Oll€panvuu, 9YTO MHOI'ZLA IIO3BOJIAeT OINTHMHU3UPYIOUIEMY KOMIIWJIA-
TOPY 3aMEHUTb KOMaH/bI II€PpeXO/a IIPXU BbIYUCJICHUU C/IIO2KHBIX JIOTUYECKUX Bpra)KeHI/Iﬁ Ha
KOMAH/Ibl JIOTUYECKHUX OIePaluil C STUMU PEruCTPaAMU.

e Vcnosib3oBaHMe Kofa ycaoBus B Kax o nHcrpykuu. Hekoropsie RISC nporeccopst
(manpumvep, ARM) mcnonb3yioT Ko yCiaoBusi B KaXKa0i mHCTPyKimu. B dopmaTe kaxmoit
MHCTPYKUMHU NPESYCMOTPEHO TI0JIe, TJe KOMIIUISTOPOM 3alHChIBAETCs KO YCIOBUS, IIPU KO-
TOpOM OHA OyneT BbImTOsHEHA. ECiu B MOMEHT WCIOJHEHUSI MHCTPYKIMHM KOJ YCJIOBHS HE
TaKOM, KAK B MHCTPYKIMK, TO OHA UTHOPHUPYETCsi. DTO MO3BOJIsIeT BOOOIe oboiTuch 6e3 Ko-
MaH/I [IePeX0/1a IPU BbIYUCJIEHUN PE3YJIbTATOB yCAOBHBIX OIIEPALUI.

11.1.4. K3m namars

Bpewmsi, HeoOx0auMOE J1J1s1 BBIOOPKY WHCTPYKIWIA, B OCHOBHOM 3aBUCUT OT MOJCUCTEMBI TAMSITH
¥ 49acro siBjisiercst orpanuduBamomum daxkropom jisi RISC npoueccopoB B cuity BbICOKOU CKOPO-
cTU uCHojHeHust uHCTpyKiwmii. Hanpumep, eciin npoueccop Moxker Oparb WHCTPYKLIUU TOJIBKO U3
DRAM c Bpemenem mocryna 60 ns, T0 CKOpOCTb X 00pabOTKU (IIpu pacdeTe OHa, WHCTPYKIWS
3a UKJ) OyJer cOOTBETCTBOBATH TaKTOBOM uactore 16.7 MHz. Dra npobiema B 3HAYUTEIHHON
CTENeHN CHUMAETCS 33 CYeT UCIOJIb30BAHNS KA MaMsITH.

Kom nmamsrs (cache) — sro Gbicrpoe crarmaeckoe O3Y (SRAM), BcraBieHHAS MEXIY HC-
nostHrTeTbHbIME yeTpoicTBamu u cucreMabiM O3Y (RAM). Ona coxpaHSIeT MOC/eHIe UCTOMb-
30BAHHBIE MHCTPYKIWMU U JAHHBIE, TAK, YTO [UKJIbI ¥ ONEPALUU ¢ MACCUBAMU OYIyT BBIIOJHITHCS
onicTpee. Korma uCMoOMHSONEMY YCTPORCTBY HYYKHBI JAHHBIE M OHU HE HAXOISTCS B K3 MAMSITH,
TO 3TO KIII-IIPOMAX: MPOIECCOP TOMKEH OOPATUTHCS K BHEITHEN MaMSTH JJis1 BHIOOPKU JAHHBIX.
Ecau Tpebyembie JaHHBIE HAXOASATCS B KIIIIE, TO 9TO KIMI-MONAJaHue: JOCTY K BHEITHeH TaMsITh
HE Tpedyercsi.

Takum 00pa30M, K3IIM PA3TPYKAIOT BHEIIHUE IIMHBI, YMEHbIIAs IIOTPEOHOCTh B HUX MIPOLIEC-
copa. DTO MO3BOJISIET HECKOJILKUM MPOIIECCOPAM PA3IEISATH BHEITHUE [ITUHBI 0€3 YMEHbIIEHUS TIPO-
U3BOJIUTEILHOCTH KAYXKIOTO U3 HUX.

Ksm comep:kur CTpOKM M3 HECKOIBKUX IOCIEA0BATENbHBIX 0aliToB (00bruHO 32 Gaiita), KO-
TOPBIE 3ArPY?KAIOTCS IIPOIECCOPOM, WCIOIb3ysl TAK HA3BIBAEMBIH HMITyJbCHBIH (mnum GI09HbIH)
aocrym (burst access). daxe ecmu CPU myxen omum Gaiit, BCe paBHO OymeT 3arpykKeHa Ie-
Jiasi CTPOKA, TAK KAK BEPOSITHO, YTO TE€M CAMBIM OYAyT 3arpy’KeHbl CIEAYIONINE BbIIOIHSIEMbIE
MHCTPYKIUU WM UCIOJIb3yeMble JaHHbIe. BjovHbe mepenadn 06eCnednBaeT BbICOKME CKOPOCTH
nepesadu sl MHCTPYKIUN MU JAHHBIX B MOCIEJI0BATENBHBIX aJIpecax maMmsaTh. [Ipu Takux me-
pezadax TOJMBKO aJpec MePBONM MHCTPYKIMU WA JAHHOTO OyZET MOCIaH B MOACUCTEMY BHEIIHeH
namsTu. Bee mocienyromme 3anpochl MHCTPYKIUN WK JAHHBIX B TOC/IEI0BATEIBHBIX aPecax ma-
MSTH He TPeOyIoT JONOJHUTEILHOM mepenadn aapeca. Hampumep, 3arpy3ka 16 OaiitoB Tpebyer 5
uuk 0B, eciin MC68040 nesaer 6I09HY0 Iepeady [Jis 3arpy3Ku CTPOKH KIIIIA, U 8 IUKJIOB, €CJIU
NaMsITh HE TOIIEPKUBAECT OJIOYHBIN PEIKUM MEPETATN.

Kb»1m1, B KOTOPOM BMECTE XPAHSITCS JTAHHBIE U WHCTPYKIUY, HA3BIBAETCS e JUHBIM Karmem. Q-
HUM U3 CHOCO6OB IIOBBIIIIEHU A HpOI/IBBOﬂI/ITeI{bHOCTI/I ABJISAE€TCA BBEIEHUE B HpOHeCCOpe TpeX ITUH:
aapeca, nuacrpyknuii m ganaex. B TapBapackoii apxXuTeKType K3IIa PA3JessioT KIIIN JJIst
WHCTPYKIUN ¥ JAHHBIX Ui yaBoeHusi 3h@deKTuBHOCTH K311 namsitu. B tunuynoit [apsapackoii
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apPXUTEKTyPe IPUCYTCTBYIOT TPU BUIA KIUI AMITH: CleluaibHbie Kamu (Hanpumep, TLB), Buy-
TPEHHME K3 WHCTPYKIWIA U JaHHbIX (HepBoro ypoBHs wiu L1 K31) 1 BHEIIHUI €UHBIHA K311
(Broporo yposusi win L2 kam). B nporneccopax, MMEIOMUX WHTETPUPOBAHHBIE KEIIHM IIEPBOrO
U BTOPOTO ypPOBHEH (T.e. BHYTPH KOPITyCa, MPOLECCOPa), IaCTO JOMOJHUTENBHO yCTAHABIUBAIOT
emuHBIN K9m TpeTrhero yposHsi (L3) Bre mpomeccopa. O6brano L1 k3m paboTaer Ha 9acToTe
nporeccopa u umeer paszmep 8. ..32K6, L2 kam paboraer Ha 9acTOTE MPOIECCOPA WM €€ TOJIO-
BuHe u nmeeT pazmep 128K6. .. 4M6, L3 kamr paboTaeT Ha 9acTOTE BHEIIHEH IIMHBI 1 UMEET pa3Mep
512K6. . . 8MO6.

K»smu gaHHBIX B 3aBUCHMOCTH OT UX IIOBEJEHUS [IPU 3AIIUCH JAHHBIX B KIIII PA3/eJIsiIOT HA /1BA
BHUIA.

1. Ko ¢ npsmoii 3anuceio (write-through cache). 9ror Bua K3 nmaMsTu UpM 3amucu B Hee
Cpa3y WHUIMHUPYET [UKJI 3AMUCH BO BHEINHIOK MaMsTh. OCHOBHBIM JOCTOMHCTBOM TAKOTO
K3IIIa SBJISIETCS MPOCTOTA YW TO, YTO JAHHBIE B KIIIE U B HNAMSATH BCErJA WUIEHTUYHBI, UTO
YIPOIIAET IOCTPOEHUE MHOI'OIPOLECCOPHBIX CUCTEM.

2. Ksm ¢ obparroit 3amuceio (write-back cache) Dror Bum x3m namsTé npu 3anmcm B Hee
He 3AIKCHIBAET JAHHBIE CPA3y BO BHEIIHIOK [AMsITh. 3AIKUCh B HAMSITh OCYLIECTBIISETCSE
[IPY BBIXOJE CTPOKK M3 K3IIA WX [0 3aIPOCY CUCTEMbI CHHXPOHU3AIMUN B MHOLOIIPOIIECCOD-
HBIX cucTeMax. Takast OpraHu3anyst K31l IaMsSTH MOYKET 3HAUNTELHO YCKOPUTE BBIIOHEHUE
[UKJIOB, B KOTOPBIX OOHOBJISIETCS OJTHA U TA XKe sideiika namMsTu (0yAeT 3alnucaHo TOIBKO [0~
CleaHee, a HE BCE IIPOMEXKYTOYHBbIE 3HAYEHMsI KAK B KU ¢ IPaAMOI 3amuchio). JIpyrum
JIOCTONHCTBOM SIBJISIETCSI Y MEHbLIEHNE NOTPEOHOCTH IPOLECCOPA BO BHEIIHEH LIKHe, YTO [103-
BOJIsIET PA3JENATh €e HeCKOIbKUM npoueccopam. Hepocrarkom Takoil OpraHu3amnuy sBIisiercs
YCJIO’KHEHUE CXEeMbI CHHXPOHU3AIMY KIIIeil B MHOIOIPOI[ECCOPHBIX CUCTEMAX.

B cuity ero 3nauntenbHo 6osbinei 3 GeKTUBHOCTH, HOIbITMHCTBO COBPEMEHHbIX IIPOLECCOPOB UC-
[IOJIB3YIOT K3II C OOPATHON 3aIIKCHIO.

Opraamsanus Kam-naMmsaTu. Ksmr oCHOBaH HAa cpaBHeHUHM ajpeca. Jljis Kaxa0i cTpoku
KJIII, XPAHUTCS AJPEC ee MEePBOrO 3JIEMEHTA, HA3BIBAEMBIM aipecoM CTpoku. st yMmeHbieHwust
00beMa, JIOTOJIHUTEILHO XPaHUMOM uH(popMaimu (aJpecoB CTPOK) W YCKOPEHWs MMOUCKA AIpeca
UCTIOJIB3YIOT HECKOJIBKO TEXHUYECKUX MTPUEMOB.

e Ilycrs aymHa cTpoku ecth 2° Gaiit. Anpeca CTPOK BHIPOBHEHBI Ha TPAHHILY CBOETO Pa3Mepa,
T.€. IoCIeaHuE b OUT aspeca — HyJIEBBIE U IIOTOMY He XPaHSTCS (T.e. pa3Mep apeca yMEeHbIIEH
1o 32 — b 6ur).

e dukcupyercs HeKOTOpoe 1. CTPOKU XPAHATCSA KaK OJWH UK HECKOMLKO (IN) MaccuBoB, OT-
COPTUPOBAHHBIMU T10 TOPAOKY Z MJIQOIIUX 6I/ITOB aagpeca (T.e. MJIQOAMINX Cpeau OCTABIIUXCHA
32 —b). Takum 06pa3om, k-if 3JIEMEHT MACCUBA UMEET AAPEC, BUTHL KOTOPOT'O B MO3ULUAX OT
32—i—b+1 10 32 — b 06pa3yIOT YN0, paBHOE k. DTO MO3BOJISIET HE XPAHUTH ITU OUTHI
(r.e. pasmep azapeca ymenblues a0 32 — b — i 6ur).

e Kombunanus gucesn b u ¢ moabupaercs Tak, YTOOBI MIAAMUX b + 4 OUT JOrMIECKOro aj-
peca coBnamaiu ObI ¢ COOTBETCTBYIOIIUME OUTaM¥ (PU3MUIECKOTO AJPECA TPU CTPAHUIHOM
npeobpas3oBanuu (T.e. ObLIM Obl CMEIEHUEM B CTPAHULE). DTO MO3BOJISET APAJLIEILHO IIPO-
U3BOJUTH TPAHCJISLUIO 3JPECA U MOUCK B K31e (T.e. napaieasno paborars MMU u kaury).
IIpu Tunuanom pasmepe crpanuust 4Kb 1o o3nagaer b+ i = 12.

e OmpejesieHne TOro, COAEPIKUTCS JIU JAHHBIN aIPeC B KIIIE, TTPOU3BOIUTCS CJIELYIONIM 00-
pazom. Bepyrtcs 6urhbt B mozunusix or 32 —4¢—b+ 1 g0 32 — b, obpasytomrue ucyio k. 3arem
0OepyTCsi IEMEHTHI C HOMEPOM Kk B KaxkaoMm u3 N MacCMBOB M y THOJy4eHHbIX N CTPOK
cpaBHMBAKOTCA aapeca ¢ 32 — i — b Guramm azgpeca (koropsie yxke tpancauposanst MMU B
dbusmueckuit anpec). Eciu 06Hapyx)eHO coBnajenue (T.e. UMEeT MECTO KIUI-NONAAHUE), TO
Gepercst 6aiiT ¢ HOMepoM b B CTPOKe.
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11.1. OcHOBHBIE YEPTHI APXHTEKTYPHI H HX BJIUSIHHE HA CHCTEMbBI DEAJIFHOTO BPEMEHHU

Ecnu paccmaTpuBaercsi BHEITHUM K3111, TO COIJIACOBBIBATHL ero pabory ¢ MMU ne Tpebyercsi, mo-
CKOJIbKY BHEIITHUI K31 Pab0OTaET yxKe ¢ PU3NIECKUM 3 IPECOM.

Ipumep: nas PowerPC 603 BeiGpano b = 5 (T.e. qnmua crpokm 32 Gaitta), i = 7 (T.e. mmHA
maccuBa 127), N = 2 (T.e. HCIONB3YIOTCS JBA MACCHBA).

Jtst KaxKI0M CTPOKYU KIIIA ¢ OOPATHOM 3alMChI) HOMUMO AJIPECa XPAHUTCS TAKKE MPU3HAK
TOTO, YTO 3T CTPOKA COMEPIKUT KOPPEKTHHIE JAHHBIE, T.€. JAHHBIE B KIII MAMSITH U B OCHOBHOM
MAMSITH COBMAIAIOT. DTOT MPU3HAK UCTIOIL3YETCS JJIsl 3MUCH CTPOKU B MAMSITH TIPU €€ BLIXOJE U3
KOIII TTAMSITH, 8 TAK3Ke B MHOTOIMPOIECCOPHBIX CUCTEMAaX.

AnropuTMBl 3aMeHbI JAaHHBIX B K3II MaMATHU. ECIM BCE CTPOKM KIIII MAMSTH COIEPKAT
KOPPEKTHbBIE JIAHHBIE, TO Jisi 0DECIeYeHrsl KIMIMPOBAHKSI HOBbIX 00JacTeil namsitu HeoOXonuMo
BBIOPATH CTPOKY, KOTOPasi OyeT mepe3anucana. 9Ta CTPOKA, BLIXOIAUT U3 KIIIIA, U, €CJIU TPeOyeTcs,
ee colepKUMOoe OyeT 3amucato 06paTHO B maMsiTh. CyIecTBYIOT TPU aJITOPUTMa, 3aMEHbBI JAHHBIX
B K3IIIE:

® BEePOSITHOCTHBIN AJIrOpUTM: B KA9€CTBE HOMEPA [1ePe3ANKUChIBAEMOM CTPOKHU HCIOJIb3yeTCs
CiryvdaiiHOe YIHCIIO;

e FIFO asropurMm: nepBasi 3aMUCaHHAsI CTPOKA, OyIeT MePBOil epe3anncaHa;

e LRU (Last Recently Used) amropurm: HamMenee mcmomb3yemasi CTPOKA OyJieT 3aMeHEHa
HOBOM.

J1J1s1 TOBBIIIEHNST TTPOU3BOIUTEILHOCTH MIPOIIECCOPA BBOAATCS Psifi CHEITUAJIBHBIX KIIITEH.

e TLB (Translation Look-aside Buffers) - 310 x9m namsars, ncnonssyemas MMU st xpa-
HEHWSI PE3YJIBTATOB MOCJIETHIX TPAHC/ISAIUN JIOTUIECKOro aapeca B dusmaeckuit. Comepxut
[apPBL: JIOTUYECKUN aIpeCc U COOTBETCTBYIONMI (hu3ndecKuii aapec.

e BTC (Branch Target Cache) — 310 k3m nmamsare, ucnonsdyemas BU nys xpanenus agpeca
HpeIbLIYIEro IePexoIa 1 IePBOil MHCTPYKIMY, BBIIOJHEHHOM moce nepexona. meer nennio
0e3 3a/1€P2KKHU 3aII0JHUTL KOHBEHep MHCTPYKLUei, eciiu epexos yxe panee cocrosuics. BTC
MOXKET 3HAYUTEIbHO IIOBBICUTD IIPOU3BOIUTEIHLHOCTD IIPOIECCOPA, YUUTHIBAS BPEMS, KOTOPOe
OH GBI IPOCTAMBAJ B OXKUJAHUY 3allOJHEHUS KOHBeHepa IocIe mepexoa.

CorylacoBaHue K31I1eif B MYJIbTAIIPOIIECCOPHBIX cucTeMaX. Eciiu HeCKOIBKO MPOIeccopoB
[IOACOeIMHEHBI K OJHOM U TOH 2Ke IINHEe aJpeca U JAHHBIX U PA3JeJIsAi0T OJHY U TY K€ BHEIIHIOIO
NaMSITh, TO JOJIPKEH OBITh PEATM30BAH ONPEIEJIEHHBIN CIeAAIMi Mexanu3M (Snooping) s Toro,
4TOOBI BCE BHYTPHUIIPOLIECCOPHBIE KIIIIN BCETJA CONEPIKAIN OJHU W Te JKe JTaHHbIE.

Paccmorpum, Hanpumep, cucTeMy, COIEPKAIIYIO JBA IPOIECCOPA, KaXK bl 13 KOTOPHIX MOYKET
6paTh ympasJsieHue obireil muHoi. Eciu nporeccop 1, ympaBasiionuii B JaHHBIM MOMEHT IIHHOM,
3alUCHIBAELT B AUEHKY MaMATH, KOTOPAas KIIMINPOBAaHA MIPOIECCOPOM 2, TO TaHHbIE B K31IIe TOC/IeIHe-
T'O CTAHOBSITCS ycrapeninumu. Caeasimii MEXaHU3M TI03BOJISIET BTOPOMY TIPOIIECCOPY OTCIEKUBATh
COCTOSIHVE IIUHBI aJIPECa, NaKe eC/IU OH HE SIBJISIETCs B JAHHBIA MOMEHT TJIABHBIM (T.€. yIIPABJIs-
OIUM BHEIIHei munoi ). Eciu Ha muHe nosBUICs agpec KIIUPOBAHHBIX JAHHBIX, TO ITU JAHHBIE
[IOMEeYal0TCsl B K3IIle KAK HeKOppekTHble. Korga BTOpoit mporeccop CTaHeT IJIABHBIM, OH JIOJIZKEH
Oyer BBIOPATH B Ciyd4ae HeOOXOIMMOCTH OOHOBJIEHHBIE JAHHBIE U3 PA31E/IsI€MOM IaMSITH.

Ecnu mporeccop 1, ynpasisionuii B JAHHBIN MOMEHT IIXHOM, YUTAET U3 TICUKM TaMSITH, KOTO-
pas K3MUPOBAHA IPOLIECCOPOM 2, TO BO3MOXKHO, YTO PeasibHble JAHHBIE HAXOAATCH B KIIIIEe IIPOLEC-
copa 2 (ere He 3aNKUCAHBI B TAMSTh, T.€. PEaJU30BaH K311 ¢ 00paTHO# 3anuckio). Ecmu 310 Tak, 1o
CIefAmuil MeXaHU3M MHUNUMUPYeET ITUKJI 3allUCU CTPOKU K3IIIa IPOIECCopa 2, comepzKaleit 3arpe-
6oBaHHBIE IPOIIECCOPOM 1 TaHHBIE, B PA3IEISIOMYI0 TaMsTh. 11ocse 3TOro 3Tu NaHHbIE CTAHOBSITCS
JOCTYIHBIME IIPOIECCOPY 1 M UK YTeHud mporeccopa 1 mpogosrKaeTcs.

11.1.5. MHoronpoIieccoOpHbIe apXUTEKTYPbI

O,I[HI/IM "3 CaMbIX PAAUKAJIBHBIX CIIOCOOOB MOBBIIICHUS NMPpOU3BOAUTEIBHOCTU BBIYUCJINTEJIHHOMN
CUCTEMBI ABJIACTCA YCTAHOBKA HECKOJIBKUX ITPOIECCOPOB. BI)I,HBJIHIOT HECKOJIbKO TUIIOB ITIOCTPOEHUA
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11. ApxuTeKTypblI IPONECCOPOB

MHOTOIIPONECCOPHBIX CUCTEM B 3aBUCUMOCTHU OT CTEIICHU CBA3U MEXKY OTACJTbHBIMU IIPOLECCOPpaMU
B cucremMme.

1. CusibHO cBsI3aHHBIE MPOIECCOPHI (M CUMMETPUYIHBIE MYJIBTUAIPONECCOPHBIE CUCTEMBI,
symmetrical multiprocessor system, SMP). Bce mpoueccopsl pa3mensior o6y MuHy u
OOIIYIO TaMSTh, MOTYT BBIIOJIHSATE OJHY U TY K€ 33734y, IPUYeM 33/1a49a MOXKET ePEeXOIUTh
OT OZIHOTO IPOIeccopa Apyromy. Eciau ogus mpomeccop OTKa3bIBAET, OH MOXKET OBITH 3aMEHEH
apyrum. SMP nozpasymeBaer HajM4uue anmapaTHOro MPOTOKOJIA, CAHXPOHUBALUHT KIIIEH BCex
upoueccopoB (cM. Bbie). Tunuunei npuMep: mwiarta ¢ AByMs npoueccopamu Pentium.

2. Cnabo cBsi3aHHBIE IIPOIleccOPbl. JacTh CHCTEMHOM MaMsTH MOXKeT ObITh pa3zessieMa, HO
EPEXO0/1 3313491 OT OJHOT'O MPOIECCOPA K IPYTrOMY HEBO3MOXKeH. MexaHn3Mbl CHHXPOHU3AIUN
cueruduHbL 15 KaxKa0i cucrembl (nourosbie suwku, DPRAM, npepoiBanus). Tunuanbiii
npumep: croiika VME ¢ HeCKOJbKHME IPOIECCOPHBIME ILIATAMHA W Pa3AesIsaeMOil MaMsThO
Ha OIHON 13 IJIAT.

3. Pacnpeenennbie mporieccopbl. HeCKONIBKO MPOECCOPOB He PA3IesIOT HA OHOrO O0IIe-
Tro pecypca, 3a UCKJIDYEHUEM JIMHUU CBA3U. TI/IHI/I“IHI)II‘/‘I HpI/IMepZ COeIUHEHHBIC HOCpe,ILCTBOM
Ethernet paboune cranium.

Apxurektypa SMP siBisieTcst camoii 1OpOToii ¢ TOYKY 3pEHMUsT ATMAPATHOM PEATU3AINY U CAMOIA
JIEIIEBOM € TOYKK 3peHus pa3pabOTKU IPOrpaMMHOro obecrnedenus. V1 Ha000poT, pacnpeneeHHbIe
MIPOLIECCOPHI TIOUTH HE TPeOYIOT alNapaTHBIX 3aTPAT, HO SIBJISIOTCS CAMBIM JIOPOTHM peEIIeHUuEM C
TO4YKM 3penusi pazpaborku I10. [ljst 4OCTHMIKEHUST ONTUMAIBLHOIO KOMIIPOMUCCA JJist KPyra pera-
€MbIX 33/1a4 UCIIOJIB3YIOT PA3JINYHbIE KOM6HH&HHH ONUCAHHBIX BbIIIE TEXHOJIOT WM.

11.1.6. Ilognep>kkKa MHOT033JaYHOCTH M MHOTOHPOIE€CCOPHOCTH

B coBpemenHBIX POIECCOPAX MOIIEPIKKA MHOTM033,Ja9HOCTH M MHOI'OIIPOLIECCOPHOCTH HE OTrPa-
HUYUBAETCS alapaTHONW 4acTbio (BPOJE PACCMOTPEHHOrO BBIIIE MEXAHU3Ma CUHXPOHU3ALMU K3-
wieit). JIjisi oprasusanyu JOCTyIa, K KPUTHUECKUM Da3esiseMbIM pecypcaM HeobxoamMo B Habope
MHCTPYKIUI MPOIECCOPA MPEIyCMOTPETh CHEINAJIbHbIE NHCTPYKINU, 00€CIEINBAIONINE TOCTY K
obbeKkTaM CMHXpOHU3auu. JIeficTBUTEIbHO, CaMU O0bEKThl CHHXPOHU3AUN SABJISIOTCS Pa3/eJisie-
MbIMH, 3 JJisi OOECIIeYeHHs IPABUIIBHOIO JIOCTYIIA K Pa3/eJisieMbIM 00beKTaM HeOOXOAUMMO BBOIUTD
00'bEKTHI CUHXPOHU3AIUHN, KOTOPHIE B CBOK) OYEPEIb TOXKE SIBJISIOTCS PA3IEISIeMbIMU U T.1. st
BBIXO0/I3, U3 ITOrO 3aMKHYTOTO KPYra, OMPEEeJsiIiOT HEKOTOPBIE “IPUMUTHUBHBIE’ OOBEKTHI CHHXPO-
HU3AIMK, K KOTOPBIM BO3MOXKEH OJHOBPEMEHHBIN JOCTYIT HECKOJIbKUX 331449 UJIU MPOIECCOPOB 33,
CYeT UCHOJIb30BAHUS CHENUAIbHBIX HHCTPYKIUH AOCTYIIA.

Paccmorpum 6osiee moapobHo cirydaiit OysieBckoro cemadopa. 3a1a49a uimi mporeccop, cobupao-
IUIACs B3SITh YIIPABJIECHUE PA31e/IS€MbIM PECYPCOM, HAYMHAIOT C YTeHus 3HadeHus cemadopa. Eciu
OH 0OHyJIeH, TO 33,1848 WJIM IIPOLECCOD MOJIKHBI XK/IaTh, IIOKA PECYypPC CTaHeT IOCTYIHbIM. Eciu
cemadop yCTaHOBJIEH B 1, TO 3318498 MK MPOIECCOP HEMEIJIEHHO €ro OOHYJISIOT, 9YTOOBI TOKA3ATh,
YTO KOHTPOJUPYIOT pecypc. B mpomecce namenenus: ceMadopa MOXKHO BBIIEJIUThL TPU (Pa3bl: dTe-
HUe, U3MeHeHNe, 3anuch. Ec/i Ha, CTa/ U YTEHNST BO3HUKHET MEPEKJIIOYEHNE 33,1949 WU JPYroi
[IPOLIECCOP CTAHET IVIABHBIM HA IIUHE, TO MOYXKET BO3HUKHYTH OMIUOKA, TAK KAK JBE 33a9M WU B
[IPOLIECCOPA KOHTPOJIMPYIOT OJUH U TOT XK€ Pecypc. AHAJOINYHO, €CJIM MEPEKJIIOYEHEe KOHTEKCTA
MPOM30MIET MEKIY IUKJIOM YTEHHUsI M 3AMNCH, TO B3 MPOIECCA MOTYT B3STh ceMadOop, 9TO TOXKE
MIpUBEIET K CUCTEeMHO# ormumbke. [Ijist perrenust 3To# mpobyieMbl OOJIBIIMHCTBO MIPOIIECCOPOB UMEIOT
MHCTPYKIUIO, BBIMOJHSIONIYI0 HEIEJUMbBINA [IMKJ YTEHUE — U3MEHEHWEe — 3amuch. [IOCKOIBKY 3TO
OJ/IHA, MHCTPYKIMS, TO [EPEKIIOYEHNE 33024 BO BpeMsi onepanuu ¢ cemadopoM HeBO3MOKHO. Tak
KAK OHA IPOU3BOAMT HEJEJMMbIA LUKJI, TO IIPOLUECCOP, €€ BbIIOJHSIOMIMMA, OCTAETC BJIAAEIbLEM
IIWHBL 0 OKOHYAHUS ONepaIu ¢ ceMadopoMm.
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11.1.

OcHOBHEIE YepThl aPXUTEKTYPhI U UX BJIHAHUE HA CHCTEMbI PeaJIbHOI'O BDEMEHU

11.1.7. Buunsiaue TpeboBaHMil peaJbHOTO BpeMeHH Ha BBIOOP apXUTEKTYyPhI IIpoliec-

copa

He Bce omucanHbIe BbIIIE€ IPUEMBI HOBBIMIEHUs] ITPOU3BOJUTEIBHOCTH MIPOIECCOPA YCKOPSIIOT
paboTy TUINUYHON CHUCTEMBI PEAJIBHOIO BPEMEHM, 8 WHOTIA U 3aMEJISIOT €e. ITUM O0bICHSETCS
10, uro Ha pbiHKe cucteM i OCPB 3HauuTEIBbHYIO OO 3aHUMAIOT TPOLECCOPBI C YCTAPEBIIe
CISC apxureKkTypoii, UMEIOIKe TPUMUTHBHBIN KOHBEWep U K31l PaccMOTPUM OCHOBHBIE TPUYUHBI
9TOTO IOJIOXKEHNUS.

JoBoap! (cTaTucTryueckuii aHau3), Moa0KeHHbE B 0OCHOBY 00ocHoBanus RISC apxurekrypsr,
okazayuch He coBceM BepubiMu 11t OCPB. Yacro npunoskenne O CPB npoBoauT 3Ha9uTE N H-
HYIO Y4aCTb BpeMeHu B 00paboTKe IpepbIiBaHMil OT BHEIIHUX ycrpoiicrB. O6paboTyuky npepbi-
BaHU 4acTo nuuryTcs Ha accembiepe u Hasm4ue cioxkHbix nHeTpykuuii B CISC npoueccope
MO3BOJISIET yMEHBIINTD JIMHY 00paboTunka. Hammame CiioXKHbIX PE2KUMOB a/Ipecanyy IaMsi-
TH TIO3BOJISIET OOONTUCH MEHBIIUM KOJIMYECTBOM PETMCTPOB W, COOTBETCTBEHHO, €IIE YMEHb-
mUTh 06pabOTINK (32 CYET yMEHbIIEHNs] KOJINIECTBA COXPAHSIEMbBIX / BOCCTAHABIIMBAEMbIX Pe-
CUCTPOB).

YBenuyenne uucia peructpos B RISC mporeccopax mpuBoanT K yBEeJIWYEHUIO BPEMEHU Ha
MIEPEKJTIIOYEHNE 3371a9 W, B YaCTHOCTH, HA 00pabOTKY MpephIBaHUIA, TTOCKOIBKY HEOOXOAMMO
COXpaHHTb/BOCCTaHaBIH/IBaTI) 3HAa4YUTEJIbHOE KOJIN4YEeCTBO peFI/ICTpOB.

VBenudenue riryONHBI KOHBEEPa, MPUBOIUT K YBEJIMYEHUIO BPEMEHU Ha, TEPEKJIIOYEHUE 33,0a4
Y, B 94aCTHOCTH, HA 0OPAOOTKY [IPEPBIBAHMI, HOCKOJIBKY HEOOXOIUMO 0K IATHCSI BBITOTHEHUS
BCeX MHCTPYKUMI B KOHBelepe.

VBenudenne riyOuHbI KOHBEEPa U PA3MEPOB K314 HE BCEI/Ia, IIPUBOIUT K YCKOPEHUIO Pado-
o1 OCPB m3-3a GonbImoro KoMm4ecTBa NPepuIBaHuil (T.€. EPEKTIOICHAH 33124 ), TOCKOIBKY
KOHBEMepPhl U K3III He yCIIEBAKT 3AMOHUTHCS HEOOXOAMMBIMU WHCTPYKIUSIMA U JAHHBIMU.

VBenudenne pa3MepoOB KIIIA IPUBOAUT K YBEJINYCHUIO HAKJIAIHBIX PACXOJOB HA UX CHHXPO-
HU3aIMI0 B MHOT'OIIPOIIECCOPHBIX CUCTEMAX.

B psine curyauuit OCPB npuxomurcst 6i10KHPOBATH BCe KOHBEHEPHI CYIIEPCKAJISIPDHOIO MIPO-
1eccopa, Kpome onHOro. Jlejgo B TOM, YTO MHCTPYKIMH B TAKOM IIPOIECCOPE MOTYT 3aBep-
IaThCsl HEe B TOM TOPsiIKe, B KOTOPOM OHH TOZJaBajuch B nporeccop. Hampumep, norok
nucTpyKumit Iy — I3 — I — I} — mporeccop MoKeT ObITh PacHpesiesieH MeXIy IBYMsi
KoHBeilepamu Kak I3 — I; — komseitep,, Iy — Iy — xouBeiiep,. Eciu macTpykmms I
BBITIOJIHSIETCS OUEHDb J0JTO (HApUMED, B Hell Jenaercs obpalieHue K MaMsTh ), TO UHCTPYK-
unu Iz, Iy 6ynyTt ucnoaHeHb! paHbine, yeM [;, 3. 9Ta cuTyauust HeJOMyCTUMA TIpU paboTe
¢ BBOZIOM /BEIBOJIOM. [l09TOMY B CymepcKasIsipHBIX MIPOLECCOPAX CYIIECTBYIOT UHCTPYKIWH,
[IEPEBOJSIIIUE €r0 B IIOCI6J0BATEIbHBIH PEXKUM HCIIOIHEHUs] MHCTPYKIMIA [1J1s1 00ecredeHust
MX MPABWJIBLHOIO NOPAAKA. JacTo 3ty HHCTPYKIuN (PAKTHIeCKH OJIOKUPYIOT BCe KOHBEUEDHI,
KpPOMe OJIHOTO.

st yckoperust 00pabOTKY NPEPHIBAHMI, B HEKOTOPHIX IMPOIECCOPAX MPUMEHSIOTCS CIEINAITb-
HBbIE MEDHI.

Tabsuma npeprIBaHUil MOXKET XPAHUTHCS BO BHYTDEHHEH IAMATH IIPOLECCOPA, YTO AEIAET
He HY’KHOII BBIOOPKY 13 BHewmHeit namsru (Intel 80960).

TIporeccop MOXKeT BKJIIOYATH TEHEBBIE PETUCTPHI, UTO JIEJIAET HEe HYXKHBIM COXPAHEHHNE KOH-
TEKCTa TeKyUIeil 3a/1a491 B IPOCTHIX Mpoueaypax oopadorku npepoianuii (HP-PA).

Kpuruueckue npoueaypsl 06pabOTKU MPEPLIBAHUN MOTYT OBITH 3a0/I0KHPOBAHbBI B KIIIIE HH-
crpykuuit (Motorola 68060).

Tabsuna mpepbiBaHUl MOXKET XPAHUTH TEPBbIE WHCTPYKIUH 00pabOTINKA, TPEPHIBAHMI, ITO
yMmenbaer npoctoit kouseiiepa (SPARC).
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11.2. OpraHu3anus JaHHBIX BO BHEIIHEH maMdaTn

B cucremax peajibHOrO BpeMeHU JOCTATOYHO YACTOM SIBJISIETCS CUTyallusi, KOraa B ogaoM VME
KpeiiTe HaXOAATCs HECKOIbKO IIAT, IOCTPOEHHBIX HA MIPOLECCOPAX PA3HBIX IIPOU3BOAUTENCH. DTU
IIATHI OOBIYHO PEIIAOT OOIIYI0 33434y O YIPABICHUAIO IPOMBIIILIEHHBIM 000PYI0BaHUEM U 0OMe-
HUBAIOTCS MEXKJy CODOM JaHHBIMHU 4YEpPe3 Pa3e/seMyl0 naMsaTh (COOCTBEHHO, 9TO €IUHCTBEHHBIN
criocob obmena, npenocrasisiembrit muuoit VME, cm. pasaen 12.1). B sroit curyanuu meobxoaumo
COTJIACOBAHUE PEICTABIEHUS JAHHBIX B IAMSITHA KaXKIbIM U3 YIACTBYIOIIUX B OOMEHE IIPOIIECCOPOB.

11.2.1. Oprauumsanus 1MeJIOYNCICHHBIX JAHHBIX

IMpu mocryme K 1eJIOUYMCIEHHBIM JAHHBIM OCHOBHBIM BOIIPOCOM SIBJISIETCSI CIIOCOD HyMepaluu
6aiiToB B CJIOBE.

Ecnu 661 B 32-6uTHOM apXUTEKTypPe MUHUMAJIBHBIM aIPECYEMbIM JIEMEHTOM ONEPATUBHON 11a-
MSITU SIBJISLTIOCH Obl 32-OMTHOE CJI0BO, TO BOIPOC O HyMepaiuu 6aiToB B cji0Be He BcraBai Obl. B
PeaIbHOM cUTyanuu, KOrj1a MUHUMAJIbHBIM 3/IPECYEMBIM 3JIEMEHTOM OIEPATUBHON NAMSITHU SIBJISIET-
cs1 Gaitr (8-Mu GUTHOE CJIOBO), JaHHBIE GOJBIIETO pazMepa 00PA3yIOTCs KaK O0beIuHEHNEe TOAPSIT
unymux Gaiir. Bei6op nymepanuu Gaiit B 32 GurHoMm (4 6aiita) C0Be MOXKET OBITH MTPOU3BOJIb-
HBIM, 9TO maet 24 = 4! cmocoba. Ha npakTuke mcnonb3yiorcs Toapko asa: ABCD (masbiBaembrit
big-endian) w DCBA (naseBaewmsrii little-endian).

B big-endian mogenu 6aiiTel B (JIOBe HyMEPYIOTCsI OT HAMOOJIee 3HAYAMOIO K HAUMEHee 3Ha-
qnmomy. B little-endian mMomenu 6aiiThl B CJI0BE HyMEPYIOTCSI OT HaMMEHee 3HAYMMOTO K Hanbo-
siee 3aaaumomy. IIpumepsr big-endian nponeccopos: Motorola 68xxx, PowerPC (no ymonuanuio),
SPARC, npumep little-endian mpoueccopa: Intel 80x86. Ilporeccopsr PowerPC, Intel 80960x,
ARM, SPARC (64-6urHble MOmenn) MoryT paborarb Kak B big-endian pexume, tak u B little-
endian.

Ecnu nporeccopsl, OCYECTBIISOMTE OOMEH Yepe3 Pa3IesieMy 0 IaMITh, UCIIOIB3YIOT PA3HBIH
pexXuMm HyMmeparuu 6afiToB, TO MOTpPedyeTcss MPeobPA3ZOBHIBATEL BCE MOJIYYEHHbBIE UJIU TEPEIAHHBIC
nanuabe. [IpakTUYeCKU BCe COBPEMEHHBbIE MPOIECCOPBI UMEIOT i ITOU IEJU CIeIUAIbHYI0 UH-
CTPYKIHIO.

11.2.2. Opranusanus JAaHHBIX C IJaBaoOINeil TOUKOM

Bce coBpemennsie mporeccopst mopaepxkusaor cranaapt ANSI/TEEE 754-1985 B opranusanum
JAHHBIX C mjaBalomeit Toukoi. Heo0xoammMo TOBKO yINTBIBATH, YTO JAHHBIE C IJIABAIONIEH TOYKOM
COZIEP2KAT HECKOJILKO OAMT, MOITOMY HA, HUX TAKKE OKA3BIBAET BJIMSHUE CIIOCO0 HyMepanuu 0aiToB
B CJIOBE.

floating-point single:
e pasmep — 4 OGaiiTa,
e 3HaK § — 6ur 31 (1 6ur)
e mokazarenb p — 6urer 23...30 (8 Gur)
e manTHCCa T — OuThl 0. .. 22 (23 Gur)

Hopwmanuzosaunoe 3uagenue (T.e. npu 0 < p < 255)
(=1)%-2°7 12T 1.
floating-point double:
e pasmep — 8 Oaiir,
e 3nak s — 6ur 63 (1 Gur)
e moKazaTesb p — 6urel 52...62 (11 6ur)
e manTHCCa £ — 6uThl 0...51 (52 6ur)

Hopwmanuzosannoe 3uadenue (r.e. npu 0 < p < 2047)

(=1)%.2p71023 .1 o
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11.3. IIpomeccopsr Motorola 68xxx

floating-point quad:
(Mo IepKUBAETCST HE BCEMU TIPOIIECCOPAMMU )

e pasmep — 16 Oaiir,
e 3HaK § — 6ur 127 (1 6ur)
e mokazaresb p — 6urer 112...126 (15 6ur)

e manTHCCAa £ — 6uThl 0...111 (112 6ur)
Hopwmanmzosannoe 3uaqenue (r.e. npu 0 < p < 32767)

(_l)s . 2])716382 o

11.2.3. IlyTu moBbIIIeHUsI TPON3BOUTEIHLHOCTH ONEPATUBHON MaMsTH

17151 MOBBIIIEHNST TPOU3BOAUTEIBHOCTH OTIEPATHBHON NAMSITH MaMSITHA [IPUMEHSIIOT HECKOIbKO
IIPUEMOB.

e VYBejuueHUe MUPUHBI MUHBI JaHHBIX: nepexoq or SIMM (32 6ur muna) k DIMM (64
win 128 GuT mKHA) MOIYJISIM TIPY TIOCTPOEHUY TIOACUCTEMbI TIAMSITH.

o BBenenue Hebosbmioii crarndeckoit mamsatu SRAM nas 6ydepuzanmmu DRAM
mopyieii: 6ydepuzosanabie DIMM Moy,

o Baenenne xonBeitepa B Moy DRAM. Ucnonbs3yercst Ta ke ujiest, 9TO U IPU BBEJAECHUN
KOHBeepa B mPOoueccopbl. BHyTpu MOmy st maMsTé HAXOAUTCS HECKOJIBKO 00pabaThIBaeMbIX
obpaleHuii K naMsTi B pa3Hoii crenenu roroBHocTy (popMupoBaHue aapeca, Boibop GaHka,
BbIOOPKA, NAHHBIX, 3AIKACh UX HA BHEIIHIOK IIUHY U T.1.). DTO MO3BOJISET MOMYJI IaMSITH
[PUHAMATD /BbIIABATH JAHHbIE KAXK/BIA [MKJI MUHBL (IPH YCJIOBUU ONTHMAJBLHOIO (DYHK-
UMOHUPOBAHUs KOHBeWepa). B cuiy 3Toro Takas maMsaTh mOaydusia HassaHue synchronous
DRAM (SDRAM). [lns Takoii maMaTu B KAYECTBE BPEMEHH JOCTYIA NPOU3BOJUTENN B De-
KJIAMHBIX LEJISX [ULLYT MUHAMAJBHBIA [UKJ IMIMHBI, 9YTO 1aeT (DAHTACTUYECKUE BPEMEHA,
mocryna menee 10ns (r.e. wacrora muner 6omee 100MHz). Ha camom xe mene B mMomysisax
SDRAM wucnonb30BaHbl OOBIYHBIE MUKPOCXEMBI TTAMSITH, BPEMsI JOCTYTA K KOTOPBIM — OKOJIO
60ns.

e “Pacciioenue” oneparmnBHOil mamsitu. [lockosibKy npoueccop 0OMEHUBAETCS C NAMSITHIO
TOJBKO OJIOKAMU PA3MEPOM CO CTPOKY KIIId, TO MOXHO pa3jaejurb 10T 00K HA N 4ya-
creit (N obbrano 2, 4, 8) u mepesaTh KaXKAyl0 U3 4YacTeil CBOeil momcucreme mamstu. B
pe3yJsbraTe moaydarTcsd N MoACucTeM MaMsTH, PAOOTAINUX MapautebHo. Eciu nporpam-
Ma TpeGyeT MOCIeI0BATENbHBIE a1peca MaMaATH (T.€. CTPATErus IPEIBBIOOPKU CTPOKH KIIIA
cefst ONMPABJBIBALT), TO 3TOT MOAXOA MOXKET B N Da3 yBeJWYIUTH NPOM3BOAUTEIBHOCTD MO/
CUCTEMBI IAMSITH.

11.3. IIpomeccopsl Motorola 68xxx

IIpomeccoper Motorola 68xxx miuTepHOE BpeMsi JOMHUHUPOBAJIN HA PHIHKE MPOMBIILIEHHBIX
KOMIIbIOTEPHBIX cucTeM. Celfyac OHM OTTECHEeHBI Ha BTOpOe MecTo nponeccopamu PowerPC.

11.3.1. OO1mmii 0630p

CewmeiictBo npoueccopoB Motorola 68xxx (cokpamenno M68k) xapakrepusyercsi mpoCTOTOM
peanu3aiuu Kak anmnapaTHbIX, TAK W MPOrPAMMHBIX perreHuii Ha ero 6ase. IlepsriM mpomeccopom
cemeiicTBa, siBjsiica xopomro u3BectHbit M68000. Xorsi on mosiBusicss B 1979 romy, oH siBisiercst
[IPOLIECCOPOM € TOJIHOM 32-6uTHOi BHyTpenHei apxurekrypoil. [Iogo6Ho BceM mocieayommm mpo-
HeccopaM, ero JIMHeHHas OPTAaHU3AWsl TAMATH U €IMHOE C IIAMSATHI0 IPOCTPAHCTBO BBOJAA/ BBIBOA
obJreryaer anmnapaTHbie U TporpaMMHubie pa3paborku. Hakoner, crieruaibHbie BBIBOIBI TPOIIECCOPA,
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11. ApxuTeKTypblI IPONECCOPOB

YCTaHABIMBAIOTCS HA KAXKJIOM I[MKJIE IIIMHBI JJIsi TOT0, YTOOBI PA3IMIUTD CYTIEPBU30PCKOE U MOIb30-
BATEJILCKOE /IPECHBIE TPOCTPAHCTBA. KC/IM 9TH BBIBOBI JEKOAUPOBATDH IPU BEIYUCIEHUH 3PECA, TO
CHUCTEMHBIE PECYPChI Oy/1yT M30JIMPOBAHBI OT HECAHKIIMOHUPOBAHHOIO JAOCTYIIA [T0/Ib30BATE/bCKIX
IPOrpPaMM.

Cuteryromue nokosienus nponeccopoB M68k, srirrouast M68060, ¢ nporpaMMHOit TOYKY 3peHUsi
BHOCHJIA TOJIbKO HOBBIE PEXKUMbI 3[PECALMY [IAMSITH U HEKOTOPbIE JONOJHUTEIbHbIE HHCTPYKIIHH,
¥ TO03TOMY IPOrPAMMUPYIOTCS TAaK ke Jjierko, kak M68000. DBostoniusi 3aTpOHYJIa, ANIAPATHYIO
APXUTEKTYPy MPOIECCOPOB: B MX COCTaBE MOSIBUJIMCH M PA3BUBAJNUCH KOHBeiepwi, kamu, MMU,
FPU u .a.

OcuoBbiBasicb Ha apxurekType M68k Motorola paspaboraia ceMeiicTBO KOHTPOJLIEPOB
MC683xx, koropsie pazzeisifor #a 3 rpynnsi: rpymry 68000, CPU32 u CPU32+. B srux koH-
TPOJLIEPAX BBIYMCIUTEIbHAs MOHOCTHL M68k coueraercs ¢ nnrerpupoBanHbiMu nepudepuitHbiMu
nporeccopaMu, 00pa3yst BBICOKOIPOU3BOIUTEIbHBIE KOHTPOLIEPhl. Hanbosee crienuain3npoBaH-
Hble, OPUEHTUPOBAHHbIE Ha BBOJ/BbIBOJ KOHTPOLIEPH! (68302 1 68360) BKIIIOYAOT HEIPOrPAMMU-
pyewmsriit RISC mporeccop, yupaBsiomuii mocae10BaTeIbHBIM KOMMYHUKAIIMOHHBIM KQHAJIOM. JTO
JAET BO3MOXKHOCTD OJHOMY yCTPONCTBY yIPAB/IATH TAKAM CJI02KHBIM IIOCIE€J0BATEIbHBIM KAHAJIOM,
kak Ethernet wiu ISDN.

Bce unensr cemeiictea MC683xx numeror Mmexmonynpayto muny (intermodule bus, IMB). IMB
obecrieunBaer obumit uarepdeiic st Bcex momysein cemeiicrea MC683xx, 1uro no3sossier dup-
me Motorola 6bicTpo paspabarsiBaTh HOBBIE YCTPONCTBA, UCIONB3YsT OMOIMOTEKN CYIIECTBYOIIAX
MOLyJIei.

11.3.2. OcHOBHBIE 4JjIeHBI ceMelicTBa

Kaxxaprit mporeccop B MPUBEIEHHBIX HUXKE TEXHUYECKUX JTAHHBIX 00JIaJaeT BCEMU BO3MOXKHO-
CTSIMU IPeAbLAYIIUX [IPOLECCOPOB i 00eCeYeHnsi COBMECTUMOCTH.

M68000 (1979, 68000 TpaH3ucTOpoOB, Makc. YactoTa: 16.67MHz, 1 MIPS):
e ACMHXDOHHBIE NIEPeadn JAaHHBIX (KpoMe obsactu unrepdeiica 6800)
e 16-6uTHAas MINHA JAHHBIX, OTCYTCTBYET JMHAMHYECKOE NU3MEHEHNUE [IMPUHBI IINHbI
e 24-OuTHAas MWHA AJPECA,
e 14 pexxumMOB aJpecanyu namsTu (BKJII0Yas KOCBEHHBIE PErUCTPOBIE)
e 16 32-6uTHBIX PerucTpoB O0Iero Ha3HAUYEHUs
® BA YPOBH# NPUBUJIETHI: IOJIBb30BATEIBCKAN U CyIIePBU30PCKUAM

® IBa YKA3aTeJd CTEKa OJId Pa3Ae/IeHUA IIOJIb30BATEJIbCKOIO U CYIIEPBU30OPCKOI'O CTe-
KOB

e (ukcuposannas B maMsitu Tabsinia npepbiBanuii (HauuHas ¢ aapeca 0)

e onna vepenumas uncrpykuus TAS (Test And Set) mus ycranosku cemagpopos
M68010 (1983, 68000 TpaH3ucTopos, makc. Hactora: 16.67MHz, 1 MIPS):

e nepeMernaemMas Tabinia IpepPbIBAHUMI

® TOAAEPKKA, MEXaHU3Ma BUPTYAJIbHONU MaMATH
M68020 (1984, 195000 TpaH3ucTopos, makc. Yactota: 25MHz, 5 MIPS):

® ACHMHXPOHHDBIE II€peaavIn JaHHbIX

e 32-6uTHas VHA, JAHHBIX, IUHAMUYIECKOE U3MEHEHNE IIMPUHBI MUHBI (81aTUPYeTCst
K 8-Mu, 16-Tu u 32-x OGUTHBIM OOMEHAM C BHEITHUMHU yCTPOMCTBAMMY)

32-6urHasi MHA azpeca

18 pexkumoB aapecauyu naMsaTy (BKJIIOYasi KOCBEHHBIE YEPE3 AMSITh)

256-6aiT K311 MHCTPY KW
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11.3. IIpomeccopsr Motorola 68xxx

3-x craauitHBIE KOHBEHep, 4TO IMO3BOJISET OJHOBPEMEHHO 00pabaThbiBATHL IO TPEX
CJIOB OJHOU ONepanuy Wiu TPU IOCIeAOBATEIbHbIE HHCTPYKIIUT

unTepdeiic componeccopa, 4To mo3BoisgeT noaksounth Baemuee FPU (MC68881
um MC68882) w1 MMU (MC68851)

JOTIIOJTHUTEJIbHBIM yKa3aTesb CTEKa JJjid Pa3JesieHus allllapaTHbIX U IIPOIDAMMHBIX
IIPEPLIBAHUN

JIB€ JOMOMHUTENbHBIX HenequMbix nacrpykiuu: CAS u CAS2 (Compare And Swap
32 unu 64 Guta) 1y1si yCTAHOBKYU ceMadOopoB

HOBBIC THCTPYKIUN IJI pa6OTI)I ¢ OMTOBBIMU MOJISIMA

M#68030 (1986, 300000 TpaH3ucTopos, Makc. Yactota: 50MHz, 8 MIPS):

lapBap/ckast apxuTeKkTypa
JBa PA3IWYHBIX K3MIa: 256-6aiT K31 HHCTPYKIUN + 256-6aiT K31 TaHHBIX
ACMHXPOHHBIE TIepeIadn JTAHHBIX

CUHXPOHHBIH uHTEpdEHiC, YTO MO3BOJIAET OCYIIECTBIATh 610unbe (burst) nepemayn
B/HU3 K3IIa

MMU, nosBosistiomee padoTaTh CO CTPAHUIIAMU pa3MepoM oT 256 Gaiit mo 256 Ku-
JIOOANT

M68040 (1989, 1200000 TpaH3ucTopos, Makc. Yactota wuHei: 40MHz, 8 MIPS, 3.5Mflops):

CUHXPOHHBIE [IePeJIadu JAHHBIX
OTCYTCTBYeT JUHAMUYECKOE N3MEHEHNUE MINPUHBI [INHbI

YaCTOTA TPOIECCOPa PABHA YIBOCHHON 4acToTe mmHbl (Makcumaabao 80MHz)
6-Tu cTaauiHBIH KOHBEEp

FPU

4-Ku06aiT KT MHCTPYKUMHA + 4-KHI00aHT K31 TaHHBIX

MexaHM3M cuHXpoHM3auuu muHbl (bus snooping) (apbuTpark MHUHBI JOIKEH OBITH
BHEITHWMM, TIPOIIECCOP MMEET BHIBO/] 3aPOCA IIUHBI), 9TO 0BECTIEUNBALT COTIIACOBAHNE
K3IIeil B MHOTOIIPOIIECCOPHBIX CUCTEMaX

M68060 (1994, 2500000 TpaH3MCTOPOB, MaKC. YacToTa wuHbl: 66 MHz, 100 MIPS):

CynepKOHBeepHbIi, cynepckassipubiii 32 ournbit rubpuausii CISC-RISC nporec-
cop

Habop uncrpykumit M68040 peasn3oBaH anmnaparTHOi JOrUKOM, & HE MUKPOKOIOM

OCHOBHBIE ycTpoiicTBa: Oydep MHCTPYKumii, 4-X CTaIuiiHOE KOHBEHEPHOE yCTPOii-
CTBO IPE/BBIOOPKHY, ABA 4-X CTAAUIHBIX KOHBEHEPHBIX [IEJI0YUCIEHHBIX yCTPONRCTBA,
ycrpoiictBo nepexonos, FPU noBsrienHO# TOYHOCTH

k3m nepexonos (BTC)
MIOTOK MHCTPYKIUI pa3mesnsiercs Ha aBa KouBeiiepa Ha FIFO cragun

yCTPOMCTBO IpeaBbIiOOpKU mpeodpasyer BxoaHoN moTtok M680x0 nuHCTpyKIMii, mMme-
OLMX TepeMeHHyo jmny, B moTok RISC uHcTpyKiuit bukCupoBaHHON JJMHbI

M68060 MOXKeT MOXKET HCIOJHSTDH 33 OguH mukJ 4 uacrpykiun M680x0: aBe 1esro-
YUCJIEHHBIX WHCTPYKIWW, OQHY WHCTPYKIWMIO MEPEXOd M OJHY MHCTPYKIUIO C ILIa-
BAIOIIEN TOYKOI; ITOT MAPAJIen3M 00€CIeInBAET BHICOKYI0 CKOPOCTh MCIIOJTHEHUST
Iazke I KOJa, He IePEeKOMIMINPOBAHHOIO crenuaabHo aist M68060

4-kus10b6aiiT K3 WHCTPYKUMHA + 4-KHI00afiT K31 TaHHBIX

ABTOMATUYECKOE YMEHbIIeHUe MNOTPed/sieMOil MOILIHOCTH: BHYTPEHHUE (DyHKIMO-
HaJIbHBIE OJIOKM aBTOMATUYECKU BBIKJIIOYAIOTCS, €CJIM OHU HE UCIIOJIL3YIOTCS B Te4e-
HUU DA [UKJIOB
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11. ApxuTeKTypblI IPONECCOPOB

M68302 (MukpokoHTposnnep rpynnel 68000):
e IMP (Integrated Multiprotocol Processor)

e M68302 cocromT m3 mpomeccopa M68000, System Integration Block (SIB) u Com-
munication Processor (CP)

e SIB comepxur xourposmep DMA, nsa 16-6urtHbix Taiimepa oOImIero Ha3HAYEHWUS,
KOHTPOJLJIED NAMSATH U KOHTPOJIJIED IPEPhIBAHUN

o CP sinsiercst Boigenenabiv RISC npoueccopom, 06Ciy KuBarommm 6 mocJjie10BaTeb-
HBIX IOPTOB, W OTBEYAET 33 PAOOTY C TOCIEIOBATEIHHBIMU KAHAJIAMY 110 BHIOPAHHO-
my nonb3osaresnem nporokony (ISDN, UART, HDLC, BSC u apyrue)

M68360 (nnn QUICC) (mukpokonTtponnep rpynnsi CPU32+):
e M68360 cocronr m3 mpoueccopa CPU32+, SIM60 (System Integration Module) n
CPM (Communication Processor Module)

e npoueccop CPU32+ sBasiercst npoueccopom M68020 6e3 K31ma 1 COnpoueccopHoro
unrepdeiica; cucrema komans nporeccopa M68020 pacumpena CPU32+ cuenudu-
YEeCKUMU UHCTPYKIUAMU Ta,6.TIPI‘{HOI71 UHTEPIOJIAINN

e SIM60 mHTErpHpYyeT OCHOBHBIE YCTPOMCTBA OOIIErO HA3HAYEHUsI, KOTOPBHIE MOLYT
OBbITE TIOJIE3HBI B JIOOBIX 32-OGMTHBIX MPOIECCOPHBIX CHCTEMAX: CHHTE3ATOD YaCTOTHI,
TaiMepbI-0y INIHHUKHY, TafiMep TEPUOJMIECKOr0 TPEPHIBAHMNS, KOHTPOJLJIED MTAMSITH,
CrIOCOOHBIN 6€3 JONMOJHUTENBHOM JOTUKHU ypasisiTh 32-6utasivu DRAM

e CPM comepxkur 2 DMA kouTposiepa, 4 TaliMmepa o0IIero Ha3HadeHus, KOHTPOJLIEP
NPEPBIBAHUM, 7 KOMMYHUKAIMOHHBIX KOHTPOJIJIEPOB, YIIPABJISIONIUX 7-10 MOCIIEI0BA~
TeJIbHbIMU (bHBI/I‘IeCKI/IMI/I KaHaJlaMu

o nomuepxkuBaiorcs nporokosasl UART, ISDN, HDLC, BSC, AppleTalk
e nporokos Ethernet mognepxusaercs B Bepcun MCE68EN360

11.3.3. IIporpamMmMHasi MOJieJib

IMpuknaaHoi nporpamMMe A0CTYIHBI 16 perucTpoB O0IIEro HA3HAYEHUS U HECKOJIBKO CIIy 2KEeOHBIX
PErucTpoB.

Pernctpbl d0 — d7 (pernctpbl gaHHbIx):
MoryT comepKarh HEJI0YUCTIEHHBIE TAHHBIE CAEIYIONAX TUTIOB
1. Bur (M68020 u Bbiie, TOJHKO MHCTPYKIMH, PAOOTAIONIME ¢ OUTOBBIMU IOJISIMHE)

2. JIsomvHo-3aKoaMpOBaHHbIE qecaTudnblie unucia (BCD); 6aiit cogepxkut oxuy uudpy,
CYIIECTBYIOT MHCTPYKIMK, paboTaromnme ¢ AByMs nudpaMu B OJHOM Oaiite

3. Baiir (8 6ut); mpu 3anucu B PErucTp CTApIIAsh 9aCTh HE UCIOJIb3YeTCs U He M3Me-
HAETCH

4. CnoBo (16 6ut); mpu 3aNKUCH B PETUCTD CTAPIIAS YaCTh HE UCIOIL3YETCs U HE U3Me-
HAETCS

5. IymurHOe cioBo (32 6ur)
6. CuerBepennoe c10B0 (64 6UT); HCHONB3YIOTCs OObIE ABA PETHCTPA, HAJ TAKAMU

OIIEpaHIAMU ONpeesieHa TONbKO uHeTpyKuus nepecbuiku (MOVEM).

Pernctpobl a0 — a7 (pernctpbl faHHbIX):
MoryT comepKarh IEJI0YUCTIEHHBIE TAHHBIE CAEIYIONAX TUTIOB

1. Cnoso (16 6ur); mpu 3a0MCU B PETUCTDP CTAPINAs YACTH 3AIOJHSAETCS 3HAKOBBIM
OUTOM MCTOYHHUKA

2. InmuHOe cioBo (32 6ur)
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Peructp pc (program counter):
COIIEPKUT AJAPEC CIICAYIOEH MHCTPYKUMK. [Ipy 3alucu B 3TOT PEruCTP IIPOUCXOIUT IIe-
PexoI o aapecy, KOTOPbIH ObLI 3aIuCaH.

Peructp koga ycnosus ccr (condition code register):
SIBJISIETCSI 9aCThIO PErucrpa craryca (status register, SR), KOTOpBIi He JOCTyHEH TOJb-
30BaTEILCKON MpOrpaMMe Kak peructp. Koapl yCioBusi yCTaHABIUBAIOTCS 110 PE3YIHTATY
apudMeTHYeCcKruX OMepanyii Wik CHEMUATbHBIMI WHCTPYKIUSIMU, U UCIOJIb3YIOTCH B KO-
MaHJaX yCJIOBHOI'O II€PEXOIA.

HO,Z[,Z[ep}KI/IBaIOTCﬂ CJIeayomue pezKuMbl aapeCalun ImaMAaTu (B TEPMUHAX A3bIKA C)
o x(A, ++)
o x(——A,)
o x(B,+d+X,)
o x(x(B, +d)+ X, +0)
o x(x(B, +d+X,)+0)
rae
e A, — anpecusiit perucrp a0 — a7

e B, — ampecHsbrit peructp a0 — a7 wiu pc

e X, —orcyrcrByer uiu peructp a0 — a7 wiu d0 — d7; y M68020 u Bbie moxker 6bITh X, * S,
s=1,2,4,8

e d — koHCTaHTa €O 3HAKOM (8, 16, 32 OuT), BKIIOUas
® 0 — KOHCTaHTa CO 3HaKoM (16, 32 6ur), BriO49as 0

Nucrpykuuu npoueccopos Motorola 68xxx uMerOT OT HyJisi 0 TPEX ONEPAHJIOB. BOJIBITMHCTBO
UHCTPYKUui (Mepechuiky, apudMETHYECKHE, JOTMYECKHUE) UMEIOT JBA, ONEPAHIA, OJUH U3 KOTOPHIX
He U3MEHSIETCs B onepanuu (MCTOYHUK ), & JAPYTOi SBJSETCs Pe3yJbTaTOM Onepanuy (IIPUeMHUK ).
OO6bIYHO UCHIONIB3YETCsl CUHTAKCUC, B KOTOPOM UCTOYHUK SIBJISIETCsI JIEBBIM OIIEPAH/IOM, & [IPUEMHUK
- IPABbIM.

CywecrByer HECKOIbKO MHCTPYKIMIA, HESIBHO UCIOJIb3YOIUX YKA3ATENb CTeKa a7. DTO CTEKO-
BbI€ ONIEPALUY ¥ BHI30BbI (DYHKIIWIA.

11.4. TIpoueccopsi Intel 80x86

IIpomeccopsr Intel 80x86 moMuHUPYIOT HA PBIHKE IEPCOHAJIBHBIX KOMIbIOTEPOB. Ha pbiHKe mpo-
MBIILIEHHBIX CUCTEM MX POJIb HE3HAUYUTEJIBHA,.

11.4.1. OGmwmit 0630p

ITepssbiit npeacraBuress cemeiictsa - 18086, nosiuiicst B 1979r. 1o 6bw1 16-Tu GurHBINA 11PO-
LECCOop, 00eCneYnBaAIONIUI COBMECTUMOCTD C NPEAbLIY UMY 8-Mu OurHbiME nipoueccopamu i8080 u
i8085. DTO HAJOXKWUIIO ONPEIEJIEHHBIN OTIIEYATOK HA MPOrPAMMHYIO apXUTeKTypy i8086:

e ycTapeBIInii HAOOP MHCTPYKIHIA,
® MHOXKECTBO HEJIOTUYHBIX OFpa,HI/ILIeHI/Iﬁ Ha OnlepaHObI.
OcHoBuble 00mwme geprh cemeiicrBa 180x86

® NIPOCTPAHCTBO BBOJA/BBIBOJA OT/JIEJIEHO OT IPOCTPAHCTBA NMAMSITH,
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® CErMEHTHAad OPraHu3alusd IIaMATH,

® MaJioe YUCJIO PETUCTPOB,

® HEB3aMMO3AMEHSIEMOCTb PEruCTPOB (MHOTO MHCTPYKIMEA, HESIBHO UCTIONB3YIOMIMX KECTKO 38~
KDETLJIEHHBIE PETUCTPHI).

IIpomneccop 180386 ObL1 nepBbiM 32-X OUTHBIM [IPOLIECCOPOM B CEMEMCTBE U yKe MOr paboTarhb C
IJIOCKON MOzesbio namMsTi. QIHAKO, 3TOT MPOIECCOP COXPAHUI IIPOTPAMMHYI0 COBMECTUMOCTD C
OPEbIIYIAME WIEHAMH CEMEACTBA. JTO erre OOJbIIe YBEJIUYIUIO €r0 CIOKHOCTh U 3aKOHCEPBH-
POBAJIO YCTaPEBIIYI0 IPOrPAMMHYIO apXUTeKTypy i8086.

11.4.2. OcHOBHBIE 4JIeHBI ceMelicTBa

Kaxkprii mporeccop B MPUBEIEHHBIX HUXKE TEXHUYECKUX JAHHBIX 00JIaIaeT BCEMHU BO3MOXKHO-
CTSIMU NIPEAbLIAYIIUX IPOLECCOPOB Jjisi 00eCeYeHnsi COBMECTUMOCTH.

80386 (1987, 275000 TpaH3uctopos, 33MHz, 8 MIPS):

32-6mT IWHA, JAHHBIX U 32-OHT IIUHA aapeca
8 32-0MTHBIX PErUCTPOB OOIIEro HA3HAYEHUSI
JVHAMWYECKOe 3MeHeHNe MUpUHbI uHbL (16 uamn 32 6ur)
IPOCTPAHCTBO MaMATH OTAeseHo ot 64K6 npocrpancTBa BBO#A/BBIBOIA
Oydep npeasoibopku 16 Daiir
MMU (crparndaHOe nnm(u) CErMEHTHOE) € KIIIEM PE3yJIbTATOB TPAHCIISALMN; MOXKET
paborarb B 3-X pexKumax:
— real mode : 24 GUT CerMEHTHBIN aJpec, HET TPAHCIISAINN
— protected mode : 32 6uT aapec, CrpaHnYHOE WK (1) CErMEHTHOE Ipeobpa30oBaHue
— virtual 8086 mode : 24 6UT cCerMeHTHBIM aIpeC, CTPAHUYTHAS TPAHCIISIHS
sremnee FPU i80387

BHEIIHWI KOHTPOJUIED (BHEIIHel) Ko naMsTy 182385

NOAJEP?KKA MHOT'033/Ja9HOCTU IOCPEACTBOM PErucTpa 3aJa49u U JIECKPUIITOPOB 3a-
nad

180486 (1989, 1200000 TpaH3ucTopoB, YactoTta wukbl 33MHz, 20 MIPS):

BHYTPEHHSIsI 9aCTOTA TIPOIECCopa pasHa, jubo gacrore muabl (DX 33MHz), mmbo
yasoernoi gacrore muabl (DX2 66MHz), 6o yrpoennoit wacrore mmabr (DX4
100MHz)

enunbiii 8K6 (16K6) kom nacTpyKumii u JaHHBIX (C IOAAEPKKON GJIOKOBBIX [IEPeaad
(burst access))

K3II CKBO3HOM 3amucu (write through)/ obparHoit 3anucu (write back)

MEXaHM3M CHHXPOHU3AIWMHU K3IIeH B MHOronponeccopubix cucremax (bus snooping)
32 Gaiit Oydep npeaBrIOOpKH

Bcrpoennoe FPU (6e3 konseiiepa)

5-Tu cTauiiHbIA KOHBEHep, UCIOIb3y oIl Tabauily perucTpos (register scoreboard)

Pentium (1993, 3100000 TpaH3mncTopos, 4actota wuHbl 50/60/66MHz, 100 specint92, 80 specfp92):
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BHYTDEHHsIsl 9aCTOTa IIPOmeccopa pasHa ambo gacrore mmabl (60/66MHz), mubo
1.5 wacrorer mune! (75/90/100MHz), yasoernnoit gacrore mmust (120/133MHz), 2.5
vacrorsl nmHsbl (150/166MHz), 1ubo yrpoenHoii yacrore munsl (180/200MHz)

64-0uT BHEIIHSS [UHA JAHHBIX, HO 32-OMTHASI BHYTPEHHSSI APXUTEKTYPA

cymnepckasisipaas apxurekrypa: 2 IU



11.4. IIpomeccopsr Intel 80x86

anmapaTHOe JIEKOIUPOBAHIE
ycTpoiicTBo npeackazanus nepexonos (BU)

5-tu craauiiabiii kouBeiiep B 1U, 8-mu craguitabiii kouseiiep 8 FPU
Tlaprapckas apxurektypa: 8K6 k3 unctpykuwmit u 8K6 kam gaHHBIX

mexanu3m cuaxponusanmu kameit MEST (Modified, Exclusive, Shared, Invalid), uc-
nosib3yembiit B PowerPC

ru6puaaas CISC/RISC apxurekrypa

Pentium Pro (1996, 5500000 TpansucTtopos, 150+MHz, 366 specint92, 283 specfp92):

CYNEPCKAJISIPHBIN NIPOLECCOP: 10 5 MHCTPYKIMH 32 [UKJI
14-tu craauiiabie kKouseiiepst (2 ausa IU u 1 gnsa FPU)
lapBapackas apxurekrypa: 16K6 kam uacrpykimit u 8K6 kaur gaHHbIx

apxurekrypa DIB (Dual Independent Bus): osHa muHa CBS3bIBAET NPOLECCOP C KL
MaMsThI0 BTOPOrO yPOBHs, a Bropas - ¢ O3Y

256(512)K6 BCTpOEHHBII K311l BTOPOTO YPOBHST; PACIIOIOXKEH HA OTAEIHHOM KPUCTAJI-
Jie, HO B TOM K€ KOPILyCe, CBsi3aH C MPOUECCOpoM 64-OuTHOM muHOM, paboTaromeit
HA, 94CTOTE TPOLECCOPa

UCIOJIHEHNEe MHCTPYKIUI He IO NOPAIKY
CIEKYJIATUBHOE UCIOJIHEHUE: BBINOJHEHNE NHCTPYKIUN 3a TOYKOI BETBJICHUSA

nepenMeHOBaHue PerucTpos (register renaming)

Pentium-1l (1997, 7500000 Tpax3ucTtopos, 233+MHz):

Pentium Pro siapo ¢ apxurexrypoit DIB
cynepckagsaphsrit nporeccop: 2IU u 2FPU
lapeapackas apxurekrypa: 16K6 kam macTpykumit u 16K6 k3 manubIX

512K6 BCTpOEHHBIH K311 BTOPOr0 YPOBHS; PACHOJIOXKEH HA OTJIEJIHHOM KPUCTAJLIE,
CBsI3aH C MPOLECCOPOM 64-OuTHOI wKHOM, paboTAOMEH HA I0JIOBUHE YACTOThI IIPO-
neccopa (s momudukanuu Pentium-IIT Xeon — Ha gacToTe mporeccopa)

Pentium-1ll (1999, 450+MHz):

Pentium II ¢ gonosmHuTENHHBIME MYJIbTUMEIUNHBIMIA HHCTPYKIUSIMUA

512K6 BCTpOEHHBIH K311 BTOPOr0 YPOBHSI; PACIHOJIOXKEH HA OTIEJIHHOM KPUCTAJLIIE,
CBsi3aH C NpoueccopoM 64-6uTHOM MUHOM, PADOTAIOIIEH HA, 10JI0BUHE YACTOTHI IIPO-
neccopa (mst momudukanuu Pentium-IIT Xeon — Ha wacToTe IIPOLECCOPA)

P7 (Intel n HP, 2000):

64-6ut apxuTeKTypa

RISC mpoueccop ¢ vHabopom komana PA-RISC, cnocobeH BBIMOMHATH WHCTPYKIHH
i8086

11.4.3. IIporpaMmMHasi MOJieJjIb

IIpukaaHOM IporpaMMe JOCTYIHBI 8 PErUCTPOB OOIIEro HA3HAYEHUS M HECKOJIBKO CIIY2KeOHBIX

PerucTpos.

Perunctpbl eax, ebx, ecx, edx:
MoryT comepKarTh METOIUCIEHHDIE TAHHBIE CIEIYIONUX TUIOB

1.
2.

Bur (Tosbko mHCTPYKIWMH, paboTAOMme ¢ GUTOBBIMY TIOJISIMH)

JBonano-3akopupoBannbie necatuaabe gucaa (BCD); 6aiit cogepxut oguy uudpy,
CYIIECTBYIOT MHCTPYKIMK, paboTaromme ¢ AByMs nudpaMu B OTHOM Oaiite
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3. Baiir (8 6uT); npu 3amucu B PErUCTD CTapUIAs YaCTh HE UCIOIL3YeTCA U HE U3MEHSsI-

eTrCsi; BO3MOXKeH f0cTym K Ooutam Q. ..7 u 6utam 8. ..15 COOTBETCTBEHHO 110 UMEHAM
al, bl cl, dl u ah, bh, ch, dh

4. CnoBo (16 6ut); mpu 3a0KUCH B PETUCTD CTAPIIAS YACTh HE UCIOIL3YeTCs U HE U3Me-
HsIeTCsT; OOpAaIleHre OCYIIECTBIISIETCS O UMEHHU ax, bx, ¢x, dx coOTBeTCTBEHHO

5. InmrHOe coBo (32 6ur)
Peructpsi esi, edi, ebp, esp:
MoryT comep:KaTh IETOYUCTIEHHbIE TaHHbIE CJIEYIONINX THUIIOB
1. Bur (Tonbko uHCTpyKImu, paboraiomue ¢ GUTOBBIMY TIOJISIMH)

2. JIsomvHo-3aKoaupoBaHHbIe qecatudnbie uucia (BCD); 6aiit cogepxkut oxiy nuudpy,
CYIIECTBYIOT MHCTPYKIMK, paboTaromnme ¢ aAByMs nudpaMu B OJHOM Oaiite

3. CuoBo (16 6uT); Ipu 3anKCH B PETUCTD CTAPINAs YACTh HE UCIIOIL3YETCs U HE U3Me-
HsieTCsT; OOpallleHre OCYIIECTBIsIeTCs Mo uMenu si, di, bp, sp coorBeTcTBEeHHO

4. Nnuuuoe cioBo (32 6ur)
Peructp kopa ycnoeusi ccr (condition code register):
siBsiercst 9acteio peructpa duaros (EFLAGS), k0oTOpEBIi HE NOCTYNEH NONB30BATEH-
CKOlf mporpamme Kak peructp. Kompl ycioBusi yCTAHABIMBAIOTCA 1O Pe3yabTary apud-

METHYECKUX onepaum‘/i WA CNeNUAJIbHBIMU UHCTPYKIUAMU U UCTTOJIB3YIOTCA B KOMaHIAX
YCJIOBHOTO TIepexozia.

Crenyromue perucTpbl JOCTYIHBI MIOIB30BATEIHCKON MPOrpaMMe, HO HE UCIOJIB3YIOTCA B TPH-
kyaaubix nporpamMmax mius UNIX cucrem (mockonbKy oM pafoTaroT B IUIOCKON MOJEIN MAMSITH ):

CermeHTHble perncTpsl gs, fs, es, ds, cs, ss:
cozepkar 16-6uT cesekTOphbl CErMEHTOB, HESIBHO YYaCTBYIOT IPU (POPMUPOBAHUY AJIPECA

Bce pexumbr agpecanuu mamsitu nporeccopo Intel 80x86 moxkHO 3anucarh 0xHON hOpMyIIOi:
aJIpec sT9eiKu MaMsaThu €CTh

base + index x scale + displacement

rae

base — 6a3oBwIit peructp: eax, ebx, ecx, edx, esi, edi, ebp, esp
e index — uHIEKCHBIN perucTp: eax, ebx, ecx, edx, esi, edi, ebp

e scale — nesiast koucranra 1, 2, 4, 8

displacement — cmemmenne 8 uau 32 6ur

JI1060ii M3 3JIEMEHTOB aJpeca MOXKET OTCYTCTBOBATH (C OJHAM MCKJIIOYCHHEM: €CJIU OTCYTCTBYET
index, To moyKeH OTCyTCTBOBATH U Scale).

Nucrpykmmu nponeccopos Intel 80x86 nMeroT OT HysIst 0 TPEX OMEPAHAOB (SBHBIX WJIHM HESIB-
HBIX). BospmuaCTBO nECTPYKIMi (epechuTKy, apudMeTHIeCKre, JIOTHIECKHE ) IMEIOT JBa, OIIEPAH-
[1a, OJWH M3 KOTOPBIX He W3MEHSIETCS B Onepauuu (MCTOYHUK), & IPYTOi SIBJISETCS PE3YJIbTATOM
onepaimu (npuemunk). @upma Intel ucnonb3yer CUHTAKCHUC, B KOTOPOM IIPUEMHUK SIBJISIETCS JIEBBIM
ONEepPaHIOM, & UCTOYHUK - npaBbiM. Ho GosbmmucTBO accembiiepoB B UNIX cucremax ucnosb3yer
cunTakcuc a la Motorola 68xxx: jieBbIil OnlepaH1 - UCTOYHWUK, TPABBIA - IPUEMHUK.

VY 6GONbIIMHCTBA IBYXONEPAHIHBIX MHCTPYKUWHA OIUH W3 ONEPAHIOB (MCTOYHUK WM MPUEM-
HUK) MOXeT ObITh PErMCTPOM WJIM SYEHKOM MamsTu, APyroil TOrga MOXKET ObITh PErMCTPOM WJIU
HeHOCpeﬂCTBeHHbIM 3HAYEHUEM. STO II03BOJILAET paB,ZLeJII/ITb ﬂByXOHepa,H,I[HbIe I/IHCprKI_[I/II/I Ha, CJIe-
AYIOIINE TPYIIIHL:
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PErucTp - PErUCTpP
perucTp - naMsTh
TMAMATh - PETUCTD
HEIOCPEICTBEHHOE 3HAYEHUE - PEruCTP

HEIIOCPEACTBEHHOE 3HAQYECHUE - IaMATh

Cy1ecTByoT MHCTPYKIMH, (HESBHO) OCYIIECTBIISIONIAE ONEPalui TUna, "maMars - naMars"”. 1o
CTPOKOBbBIE MHCTPYKIVK U OIIEPAIUU CO CTEKOM.
MucTpykunn, HESBHO HUCIOJIb3YIOMINE 2KECTKO 3aKPEILJIEHHBIE DETUCTPHI:

YMHOXKEHUE U JeJIeHNe ¢ IBOWHOI TOYHOCTBIO
BBOJI/BBIBOJ

paboTa co CTPOKAMU

LUKJIbI

COBUTH

ornepanuu €O CTEKOM (BKJIIOYast BbI30OBbI (DYHKIIMIA)

UHCTPYKIUA TPAHCIAIUN

B 32-6utHOM pexkume pabOThI MPOIECCOPa OOMBITMHCTBO MHCTPYKIIUN MMEIOT ONEePAHILI Pa3-
MepoM 8 wnu 32 OuT; WCHOIBL30BATH ONEPAHABI pa3MepoM 16 OUT MOXKHO NPU KUCHOIH30BAHUU
crennanbHOro npedukca nacTpykimu. OAHAKO, M3MEHUTh PA3Mep CMemeHus B anpece (8 umm 32
OUT) TAaKUM CIOCOOOM HEBO3MOKHO.

11.5. IIpoueccopst PowerPC

Apxurekrypa PowerPC (Performance Optimized With Enhanced Risc Personal Computer)
Obu1a paspaborana coBmectHo IBM; Motorola u Apple. B nacrosiimee BpeMsi OHA JOMUHUPYET HA
PBIHKE IIPOMBIIIJICHHBIX CUCTEM.

11.5.1. OGmwmit 0630p

Apxurexrypa PowerPC onpenensier Tpu apxuTeKTypPHBIX yPOBHSI:

UISA (User Instruction Set Architecture) ompenemnsier ypoBeHb apXWUTEKTYDPBI, KOTOPOMY
JIOJKHO YJIOBJIETBOPSITH II0JIb30BATEIbCKOE nporpammuoe obecneuenne. UISA 3amaer mpo-
rPAMMHYIO MOJEJb ¥ MOJENb MaMATH JJIs T0JIb30BaTehckux mporpamm. Nmenno, UISA
OMpeiesisieT JOCTYIHBIN MPUKJIAIHOM TporpaMme Habop WHCTPYKIuil, HAOOP PErucTPOB, TH-
bl JTIAHHBIX, COTJIAMIEHUS O XPAHEHUU YMCEJ C IJIABAMOIIEN TOYKOW B MAMSITH, MOJIENb WC-
KJIIOYEeHU, BUAMMYI0 IPUKJIAJHON IPOrPaMMON.

VEA (Virtual Environment Architecture) ompezensier 1ONOJIHATENLHBIH YPOBEHD APXATEK-
TyPbI, KOTOPOMY JIOJIXKHO YIOBJIETBOPSITH MOJB30BATEHCKOE MPOrPAMMHOE 00ECTIEUeHUE, BhI-
XOZSIIee 38 PAMKYU OOBIUHBIX TpebOBaHMM MpukIaaubx mporpamm. VEA 3amaer momens ma-
MSITH JJIsi OKPYKEHUH, B KOTOPBIX MHOKECTBO YCTPOUCTB MOTYT MOJyYaTh JOCTYI K MTAMSITH,
OTIpeIENISIeT MOEJb KA U UHCTPYKIMK YIIPABJICHUST KIIIEM.

OEA (Operating Environment Architecture) onpezesnsier ypoBeHb apXUTEKTYPbI, KOTOPOMY
JIOJKHO YJOBJIETBOPSTH CyNEPBU30PCKOE NPOrpaMMHOe obecnedenue (OnepaloHHbIEe CUCTe-
mbi). OEA onpegensier Moze/b ynpas/ieHusi NaMSITHIO, PECUCTPBI yPOBHSI CyTEPIOJIb30BaTe-
Jist, TPeOOBAHUS K CHHXPOHM3AIAN TIPOLIECCOB, MOJEb MCKJIIOYEHUA.
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Oru cremudUKAIMYA TO3BOJIST Pa3padaTHIBATL HOBBIE IIPOLECCOPHI CEMENACTBA, COXPAHSs MPO-
rPAMMHYI0 COBMECTUMOCTD C CYIIECTBYOIUME U Oyaymmmu nporeccopamu PowerPC. Brnepsoie B
HCTOPHUH PA3PabOTKX IPOLECCOPOB BAXKHENIINE YCUIIUS 10 CHenuuKAyy ObLIN IPEANPUHATHI 10
[IOSIBJIEHUSI IIEPBOTO IIPOLECCOPA.

B nonosiHenue K 3TUM apXUTEKTYPHBIM onpenesenusM Tpu npoussomurens (IBM, Motorola,
Apple) paspaboranu sragonHy0 miardopMy misa pa3paborku miar Ha ocaose PowerPC. CHRP
(Common Hardware Reference Platform) sisisiercst orkpbrToit cnemubukanmeil mis paspaboTKu
KOMIbIOTEpHBIX cucreM Ha ocaoBe PowerPC. Ormerum nBa BakHeWIMX acleKTa JTOU CHEry-
dbukanym. Bo-nepsoix, cnenudukanyms ONUCHIBAET yCTPOKCTBA, nHTEP@EHChl 1 (OPMATHI JAHHBIX,
Tpebyemble j1Jisi pa3pabOTKY U MOCTPOEHN ST 3aKOHYEHHOM KOMIILIOTEPHON cucrembl. OHA ONUCHIBAET
MeTonbI abCTPArnpoBaHusl aNmnapaTHbBIX JeTajeil oT onepanuoHHoi cuctembl. Bonee toro, CHRP
peAnuchBaeT ucnoiab3osars Bropyio PCI muny, tak, yro mmua PowerPC pasznensiercss Tomabko
L2 xamiem, xoutpossepom namsté 1 MoctoM PCI. 910 mo3Bossier pa3paboTynkaM UCIOIH30BATh
HOBBIe npotieccopbl PowerPC 6e3 m3MeHennii B ocTaabHOM 9acT maaTsl. Bo-BTophix, cnemnduka-
[[WsT OTIUCHIBAET ITAJOHHYIO PEATU3AINIO OTIEPAITUOHHOMN CHCTEMBI, COTJIACOBAHHYIO C W3BECTHBIMU
onepauuonseivMu cucremamu st PowerPC: AIX (IBM), Solaris (Sun), Windows NT (Microsoft).

11.5.2. OcHOBHBIe 4JjleHBI ceMelicTBa

Bce nepeunciienHbie HEX)E PONECCOPHI yA0BAETBOPsIOT cranmapty Ha PowerPC u otnuuarorcs
HAOOPOM aImapaTHBIX YCTPOMCTB.

PowerPC 603 (1993, 1600000 TpaH3ncTopos):
e 8K6 kam uncrpykuuit + 8K6 ko panubx (32-6ut TapBapackas apxuTekTypa)

e 5 nHesasucuMblx ucnonusomux yerpoiicrs: 1 IU + 1 FPU + 1 BU + 1 load/store
unit + 1 system register unit

¢ FPU konBeiiepu3npoBaHO, TAK, YTO MHCTPYKIUHU CJIOXKEHUSI U YMHOXKEHWSI OIUHAP-
HOI TOYHOCTH MOTYT 00PabaThIBATHCS KAXKIBIA ITUKJT

e 4-X cTaMiHBIN KOHBEHep

e MMU, BbIIONHSAIOIIEE CEIMEHTHYIO U CTPAHUYHYIO TPAHCISIUIO aapeca u3 5H2-
OMTHOTO JIOTUYECKOTO apeca B 32-OuTHbIi ¢pusndeckuii aapec

e sBa 64-BxomoBeix TLB

e norpebienue 3Bt na vacrore 80MHz, yerbipe npOrpaMMHO KOHTPOJIMPYEMBIX Pe-
KUMA IKOHOMUU JHEPTUU

PowerPC 603e (1993, 1600000 TpaH3ucTOpOB):
Bapuant PowerPC 603 mist HacTONMBHBIX cucTeM, 9acToTa 0 240MHz

PowerPC 604 (1994, 3600000 TpaH3ucTopos):
® CynepCKaJsIpHBIN Tpoueccop (4 MHCTPYKIMHU 38, [IUKJI)

e 16K6 kam uncrpykumit + 16K6 kam ganabix (32-6ur TapBapackas apXuTeKTypa,)

e 6 HezaBucumblx ucnonHsomux ycrpoiicrs: 3 IU + 1 FPU + 1 BU + 1 load/store
unit

e 6-Tu cTaguiiHBIN KOHBelep

e sBa 128-BxonosBbix TLB

® BO3MOKHOCTD I10CJIEJOBATEILHOIO BBIIOJIHEHUSI HHCTPYKIUI

e mepenmMeHOBaHHE PEerucTpoB (register renaming)

® JHHAMHYIECKOE IIPe/ICKa3aHNe IIePeXo/IoB

® [TOIEPIKKA MHOTONPOIECCOPHOCTH TIOCPELNCTBOM CIIENNAIBHOIO TPOTOKOJIA CUHXPO-
HU3AIUU KIIIEel
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norpednierne 10Bt Ha gacrore 100MHz, oque mporpaMMHO KOHTPOJIMPYEMBIH pe-
KUM SKOHOMUU SHEPTUU

PowerPC 604e (1994, 3600000 TpaH3nCTOpPOB):
Bapuant PowerPC 604 mis HacTONMBHBIX cucTeM, 4acTtoTa 10 300MHz

PowerPC 620 (1995, 7000000 TpaH3uctopos, Ha 4Yactote 133MHz 225 specint 92, 300 specfp 92):

128-6ut mwHa naHHbIX, 40-6UT mMUHA aapeca, 64-6uT perucTpel
CyIepCKaJISPHBINA npoueccop (6 MHCTPYKUME 38, UKJI)
32K6 kam uncrpykuuii + 32K6 ka1 nauubix (64-6ut TapBapackas apxuTekTypa)

6 me3aBucuMbix ucnomasiomux yerpoiicrs: 2 IU + 1 FPU + 1 BU + 1 load/store
unit + 1 complex unit

5-TU CTaIMIHBbIA KOHBEWep

2-x ypoBaesoe MMU, nepsuunoe MMU uwmeer 64-sxomossiit TLB, Bropuaroe MMU
umeer 128-sxonosbiii TLB

JIJIsl yCKOPEHUs IEPeX0oB count register (ctr) mMeeT TeHEBOI perucTp, B KOTOPDI
OH IEPENMEHOBBIBAETCA BO BPEMS TI€peXoaa

WHTErpupoOBaHHBIN KOHTpOsIEp L2 k3ma

norpebienve 30Br na gacrore 100MHz, ogua nporpaMMHO KOHTPOJIMPYEMbIH pe-
KM 9KOHOMWHU JHEPIUH

PowerPC G3 (1997, He 60onee 30000000 TpaH3ucTopos, 4actota 300MHz):
pazsurre PowerPC 620, unrerpuposanssiit L2 kam

PowerPC G4 (1998, He 6onee 50000000 TpaH3ucTopos, 4actota 400MHz):
pazsutne PowerPC G3

IBM PowerPC 403 (1994):

PowerPC MmukpokoHTpOJLIED
2K6 xam uncrpykumit + 1K6 kam ganusrx (32-6ut TapBapackas apXuTeKTypa)

nepudepuiinbie naTepdeiicape ycrpoitcTsa: narepdeitc mmuan, DMA korTpomniep,
KOHTDOJUIED TIpepbiBanuii (Ha 6 3aMpOCOB), NOC/IEI0BATEILHbIH TOPT

[0 BOCbMU MHTEPdEHCOB OAHKOB IIAMATU U yCTPOUCTB BBO,ILa/ BBIBOJA
4 Taiimepa

HU3KO0E TOTPEDJIeHNe SHEPTUN

Motorola MPC500 (1994, 40 MIPS, 25MHz):

PowerPC MukpokoHTpOILIED
4K6 K311 HHCTPYKIUiI
4K6 SRAM

4 He3zaBucumbx ucnosHsomux ycrpoiicrs: 1 IU + 1 FPU + 1 BU + 1 load/store
unit

KOHTDOJUIEP TpepbiBanmii Ha 32 3ampoca (Bpemst 3ajgepxku lmks mHa 4vacrore
25MHz)

KOHTPOJLIEP [AMSITH, CIIOCOOHBIM yIpaBiasTh 12 MUKPOCXeMaMy HaMsITU
BCTPOEHHBI! aBTOTECT

ouenb Hu3Koe norpebsenue sueprun (530mW)

Motorola PowerQUICC (1996, 52 MIPS, 40MHz):

yayamennas sepcust QUICC (M68360)
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11. ApxuTeKTypblI IPONECCOPOB

e sapo CPU32+ 3ameneno ua simpo MPC500

® 4 BBICOKOCKOPOCTHBIX ITOCTIEJOBATEIbHBIX KOMMYHUKAIIMOHHBIX KAHAJIA KOHTPOIUPY-
forcs BbigeseHHbIM RISC KOMMyHUKAIIMOHHBIM TPOLIECCOPOM, PAOOTAIOIINM HE3ABH-
CHMO OT OCHOBHOI'O IIPOIIECCODA,

e PowerQUICC mo cpasuenuio ¢ QUICC umeer kourpomaep PCMCIA 2.01 u anajor
npoueccopa DSP

11.5.3. IIporpamMmMHasi MOJieJIb

IIpukiaaHOit mporpaMmMe AOCTYIHBI CJAEAYIOMINE PETUCTPHI.

32 uenouncneHHbIX perncTpa obuiero HasHadYeHus (POH) r0 — r31:
conepxar coBo (32/64 Gur)

32 peructpa ¢ nnagatoueii Toukon f0 — f31:
COnEp2KAT 3HAYEHUE C ILIABAOmEell Toukoii (64 Gur)

cr (condition register):
3T0 32-6UTHBIN PErucTp, pa3aejieHHbI HA BoceMb 4-x O6urHbx noseit crO—cr7. Iloas pe-
TECTPA Cr MOT'YT OBITb YCTAHOBJIEHBI ONHUM U3 CJEAYIOIIUX CIIOCODOB.

e YKA3aHHOE II0JIE PErUCTPa Cf MOXKET ObITh YCTAHOBJIEHO C HOMOIIBI0 WHCTPYKIUU
nepeceuiku mterf B cr u3 POH.

e YKA3aHHOE II0JIE PErUCTPa Cf MOXKET ObITh YCTAHOBJIEHO C HMOMOIIBI0 WHCTPYKIUU
nepeceiku Mcrf B Cr U3 Apyroro noss cr.

e YKA3aHHOE II0JIE PErUCTPA Xer MOXKET ObITH CKOIMPOBAHO B PETUCTP Cf € MOMOIIBIO
WHCTPYKIAU MCrXr.

e VkaszanHOe moJie peructpa fpscr MoxkeT 6bITh CKOMMPOBAHO B PETUCTD Cf C MOMOIIBIO
MHCTPpyKImu mcrfs.

e Ilonsa peructpa Cr MOTyT OBITHL U3MEHEHEI C TIOMOIIIHIO JIOTUYECKUX onepaum‘/‘l, omnpe-
JEJIEHHBIX HAaJ MOJIAMU Cr.

e crQ moxkeT ObITh HESIBHBIM PE3YJIbTATOM LEJI0YMCIEHHON MHCTPYKUmu. Bee nenoguc-
JIEHHbIE MHCTPpYyKUuMK uMelor 6utr Rc; ecim ero ycranoBurbh, 10 Gurhl B crQ OyayT
YCTAHOBJIEHBI CDABHEHUEM DE3YJIbTATa WHCTPYKINUU C HYJIEM.

o crl mMoker ObITH HESIBHBIM PE3Y/IbTATOM MHCTPYKIMU C IIABAOIIEH TOYKON U yKa3bI-
BaThb HA CTATYC MCKJIIOYEHUS C ILIABAIOMEH TOUYKOM. Bee nHCTpyKIny ¢ miaBaromeit
TO4YKO# mMmeroT 6ut Rc; eciu ero ycraHoBuTH, TO O6uTHI B crl 6yAyT yCTaHOBJIEHBI
KOMMPOBAHMEM COOTBETCTBYIOIIUX GuToB u3 fpscr.

¢ YKa3aHHOE IOJIe PEruCTPa Cr MOXKeT OBITh Pe3y/IbTATOM IIeJIOUUCIEHHON WU Bellle-
CTBEHHON MHCTPYKIUYM CPABHEHUS.

fpscr (Floating Point Status and Control Register):
9TO 32-OUTHBINA PErucTp, COAEPIKAIUIM BCe OMTHI CUTHAJIOB MCKJIIOYEHUN [1JIsI ONEpaIrit
C TJIABAOIIEN TOYKOM, OUTHI CyMMAapPHBIX UCKJIIOYEHMI, OUTHI PA3pEIIeHns] NUCKIIOYEHMUIA,

OWThl ynpaBJiieHUs OKPyTrJIeHneM, HeoOxonumble Juist yaoBiaeTBopenusi cranaapry IEEE
754.

xer register:
3TO 32-OWTHBINH perucTp, comepamuii GbJIaru TePeNOIHEHUS. W IEPEHOCOB I TEIOUUC-
JieHHbIX omneparmii. Takxke cogepxkut 4ncyio 6afTOB, KOTOPBIE HY2KHO IEPENATH B WH-
crpykuusx Load String Word Indexed (Iswx) uium Store String Word Indexed (stswx)

Ir (link register):
9710 32/64-OGuTHBII perncTp, comeprKammii aapec nepexona 1ist maerpykumii Branch Con-

ditional to Link Register (bclr) u Branch and Link (bl). Conepxur anpec BrizBasieit
dbyHKIMM cpa3y MOCIe BHI30BA.
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11.6. IIponeccopsr SPARC

ctr (count register):
3T0 32/64-GuTHBINA PErUCTD, CONEPIKAIUIA CIETYNK [UKIA, KOTOPBIA MOXKeT ObITh JeKpe-
MEHTUPOBAH B T€YEHUE BBINOTHEHUs HAJJIEXKAIMM 00pa3oM 3aKOAMPOBAHHBIX UHCTPYK-
uit nepexona. Peructp ctr MoxkeT Tak»ke COAep:;KaTh aJpec TMepexona JJisi HHCTPYKIUN
Branch Conditional to Count Register (bcctr).

TonmepKMBAIOTCS CIEYIONIUE [[BA, PEXKUMA aIPECAIAH TTAMSITH.
e anpec = (rA|0)+offset (Bkirouas offset=0)
e azpec = (rA|0)+rB
rme 0003HAYEHO
e (rA|0) - POH rl...r31, ecam rA He passo r0, unaqe 0
e offset - 16-6ut cmermenue (3HAKOBO PaCIIUPSIEMOE)
e rB-POH r0...r31

Bce uncrpykumu (3a uckmouenuem load /store) mmeror onepanapl B pErucTpax u HOTOMy PasMep
BCEX ONEPaHJIOB PaBeH pa3mepy cioBa (32/64 6ur). [lopasasiomee GOMBIIMHCTBO MHCTPYKIUHA —
TpexolepaHgHbIe, XOTS CyHMECTBYeT HHCTPYKIHA ¢ 6-10 OIepaHIaMu.

B GonbmmHCTBE apudMeTnYecKuX HHCTPYKIUH MOYKHO YCTaHOBUTD KOJI yCI0BHSA crQ MO pe3y.Jib-
TaTy.

OrMeTuM, 94TO HECMOTPS Ha NPUHALIEXKHOCTD K Kjaaccy RISC nponeccopos, PowerPC umeer
nazke OosblIe nHCTPpyKuui, yem kKiaccudeckuit CISC npoueccop Motorola 68xxx.

11.6. IIpomeccopst SPARC

B 1987 romy Sun Microsystems annoncupoBajia SUN-4 - mepByr0 KOMIBIOTEPHYIO CUCTEMY,
ocuoBannyo Ha HOBON RISC CPU apxurekrype SPARC (Scalable Processor ARChitecture). B
owmyue OT MHOrux Japyrux mnpoueccopos, SPARC no3unmonupoBasicsi KAK OTKPbITast APXHTEKTY-
Ppa, KOTOPYIO MOI'YyT UCIIOJIb30BAaTh BCE.

11.6.1. OGimii 0630p

SPARC mnporieccopbl UCTIONB3YIOT BEepKIIEBCKYI0 apXUTEKTYPY, OCHOBAHHYIO HA PErMCTPOBBIX
OKHaX. BHyTpeHHME perucTpbl 00pasyloT OJIOKM € YAaCTUYHBIM MepekpbiTueM. VccimemoBaresu
Bepkun npeuioyKuiy UCIojib30BaTh BHYTPEHHUM CTEK JJIsi TOr0, 4T00bl M30€KaTh COXPAHEHWSI
¥ BOCCTAHOBJIEHWSI PErMCTPOB BO BHemrHed namsitr. OCHOBHOHN 1esIbI0 ObLIO YCKOPEHHWE BHI3OBOB
MPOLEAYP 3a CUYET MUHUMU3AIUKN YUCIA OOPAIEHWii K MaMsTh, TpeOyeMbIX Jiisi epeiadu napa-
METPOB U TIOJIyYEHUsT PEe3YJILTATA.

B kaxapiii MOMeHT BpemeHu (yHKIUST MOXKET uMeTh nocTyn K 32 perucrpam: 8 global regis-
ters (r0 - r7, obmme nys Beex dynkumii) m okHy u3 24 permcrpos (r8 - r31). Permcrposbie OkHA
NEPEKPBIBAIOTCA 1O 8-Mu perucrpam. B kax o Gynknun eigensitor 8 in registers (r24 - r31 wim
i0 - i7) (coBmagmatoT ¢ out registers B mpouenype, Ber3BaBieil nannyo), 8 local registers (r16 - r23
unu 10 - 17) (mocrynssl ToMbKO manHOM mponeaype) u 8 out registers (r8 - r15 wiu o0 - 07) (cosna-
JAIOT C in registers B n060i npolenype, BbI3BaHHON qanuoi ). [Ipu BhI30BE (DYHKIMM TPOUCXOIAUT
[EPEKJIIOYEHNE OKOH, TaK, YTO BbI3BaHHAs (DYHKIMsI MOJIydaerT HOBbIA HaOop perucrpos 0 - 17,
00 - 07 u pazgensier perucrpsl i0 - i7 ¢ Bo3BaBLIEH QyHKUMEH (rae oHu aapecoBauch kak o0 -
07). Iosromy B perucrpax 00 - 07 ya06HO pa3MemaTh IapaMeTphbl il BbI3BAHHON NPOLEAYDLI, B
peructpax |0 - |7 - jloKaIbHBIE TIEpEeMEHHBIE.

Pasmep kaxmoro okua - 16 perucrpos (8 out + 8 local perucrpos). @upma SUN cnenubuny-
POBaJIa, 9TO YUCIO OKOH MOXKeT ObIThb 0T 2 10 32 (B 3aBUCMMOCTH OT peajm3anuu). TeM cambiM
ofmiee 9uCI0 perucTpoB B OKHAX - OT 40 (2x16+8) mo 520 (32x16+8).

Ecnu riiybuna BiioxkeHHOCTH (DYHKIMIA IPEBBIIAET YUCIO OKOH, TO [IPOLECCOP MeHEPUpyeT mpe-
PBIBAHUE U OMEPAIMOHHAS] CUCTEMA, JIOJIXKHA COXPAHUTH YaCTh OKOH B MAMSITH.
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11. ApxuTeKTypblI IPONECCOPOB

Cy1ecTByeT BO3MOXKHOCTD BBI3BATH (DYHKIMIO 6€3 MepeKJII0YeHns] OKOH.
Hpyroit Baxkuoii ocobernoctsio SPARC apxurekTypnr siBastorces delay slots (cm. c. 60).

11.6.2. OcHOBHBIE 4JjIeHBI ceMelicTBa

Peanuzamus Bcex SPARC npoueccopos yaossierBopsier Bepcuu apxurekTypbl SPARC ¢ tem
uau uHbIM HOMepoM. Bakueiimeit dyukumeit SPARC International Compatibility and Compli-
ance Committee siBnsiercst Beipaborka n mybamkammss SPARC Compliance Definitions, a rakxe
MHCTPYKLMHN 1O NEpexoay OT OJHOI'O ONpeNesieHus K Jpyromy.

Kaxkip1it 1poneccop B NPUBEIEHHBIX HUXKE TEXHUYECKUX JAHHBIX 00JIaJ1aeT BCEMU BO3MOXKHO-
CTSIMU MIPEJBIAYIIAX MIPOIECCOPOB I 0OECIIeYeHNsT COBMECTUMOCTH.

SPARC (1987, 55000 Ttpan3ucrtopos, 33 MHz, 20 MIPS):

136 32-6ut perucrposn

e 32-0uT IIKMHA AAPeca U JAHHBIX

e 4-x cTaJIMiiHBIN KOHBeEMep

e 2 ucnoyasomux ycrpoiicrsa: 1 IU (data + address) + 1 shift unit
e sremnuit CMU (Cache controller and MMU) u FPC (Floating Point Controller)

e Bcero 50 MHCTPYKIWIA, KaXKasl UCIIOIHAETCS 33 1 UK

MICROSPARC-II (1994, 85 MHz, 85 MIPS, 64 Specint 92, 55 Specfp 92):

32-6ur SPARC V8 apxurekrypa

16K6 ko unctpykimii + 8K6 xam ganubix (32-6ut TapBapickast apXuTekTypa)
3 ucnosasironmx ycerpoiicrsa: 1 IU + 1 FPU + 1 MMU

uHTEepdEiCc conmporeccopa

BCTpPOEHHas1 JIoruKa Jyist nojaepxku DRAM u BBOzIa/BBIBOZIA

SuperSPARC-II (1995, 3100000 Tpan3uctopos, 90 MHz, 148 Specint 92, 143 Specfp 92):

32-6ur SPARC V8 apxurekTypa

3 MHCTPYKUWH 33 ITUKJI

8-mu mopToBbIi 32x32 daitn perucTpos

20K6 xam uacTpykumiit + 16K6 kam ganabix (32-6ur TapBapackas apXuTeKTypa,)
64-exonoserit TLB (s 06onx kameit)

64-6uT mMHA JAHHBIX

4-x cTaauiHLIN KOHBEHEp

7 ucnonasirorux yerpoiicrs: 3 IU 4+ 1 FPU multiply + 1 FPU divide + 1 BU + 1
load /store unit

OUTHI IPE/ICKA3AHUSI TIEPEXOIOB

UltraSPARC-II (1996, 250 MHz, 400 Specint 92, 450 Specfp 92):
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64-6ur SPARC V9 apxurekrypa
4 peasibHO UCHOJIHSEMbIX UHCTPYKIUHU 33 IUKJI

CyTepCKaJISIPHBIN mporeccop: 6 ucnonasitonux ycerpoiicrs: 2 IU + 2 FPU + 1 BU +
1 load/store unit

9-tu cTaguitHBIN KOHBEMED
NIPEACKA3aHNAE TIEPEXOIOB
register scoreboarding

bi-endian (big- u little-endian nopsinok GaiiTos)
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e 64-0uT BUPTyAJIbHBIN aAPEC U [EJIOYNUCTIEHHbIE TaHHBIE
® CIIEKYJIATHUBHOE UCIOTHEHUE
® MHOrOypOBHEBasi 00paOOTKA, MIPEPHIBAHNM, OPraHN30BAHHBIX B CTEK

® BCTPOEHHAs MYJbTUMEIUINHAS TIOAJAEPKKA JIJisi 2-X U 3-X MEpHOi rpaduku u HOBbI
OIITUMU3UPOBAHHBIM HAOOP MYJIbTUMEUA UHCTPYKIMA

® [OJIJIEPKKA CUJILHO CBSI3AHHBIX [TPOLECCOPOB (110 4-X MPOLECCOPOB MOTYT PA3JIEJIsATh
OJIHy UIUHY aJIpeca)

11.6.3. IIporpamMHasi MO/ieJjib

IIpukaaHOM TpOrpaMmMe AOCTYIHBI CIEAYIOMINE PETUCTPHI.

32 yenoumncnenHbix perncrpa obuiero HasHaqenus (POH) rQ — r31:
cozepxkar cinoso (32 6ur). JIobas napa rN, r(N+1) npu yernom N moxker cogepxars naH-
Hble yHON 64 6ut. Perucrpor Oprann30BaHbl B BUIE OKOH 110 24 PErucTpa, ¢ IepeKpbiTUeM
o 8-mu perucrpam. Boigesstior

g0 - g7: 3ro perucrpsl rQ - r7, ABAAIOTCA OOmUME 1715t Beex byHKIuii (T.e. HE y9aCTBYIOT
B NIEPEKJIIOYEHUN PETUCTPOBBIX OKOH). Peructp gl - cnenuaibHbIil: Ipyu YTEeHUN
u3 Hero Bcerja unraercs 0, Ipu 3aNKUCU B HETO HUYEro He MPOUCXOMUT (3aluCh
He IIPOU3BOJUTCS, U3 Perucrpa Beeraa duraercs 0)

00 - 07: 310 perucrpsnl 18 - r15 (out registers); siBasiorcs in registers mns 060i GyHk-
UM, BBI3BAHHON JAHHON (T.€. JOCTYNHBI BBI3BAHHON (DyHKIMM); perucrp o7 -
cnenmaJibHb, nHcTpyKiws CALL 3anucbiBaeT B HEro cBoii COGCTBEHHBIN aipec
(T.e. ampec Bo3BpaTa - 8)

[0 - 17: 370 perucrpst r16 - r23 (local registers); He nOCTyNHBbI HU (DYHKIMK, BHI3BABIIE
JAHHYI0, HU (DYyHKIMsIM, BbI3BAHHBIM JIAHHOM

i0 - i7:  3ro peructpol r24 - r31 (in registers); sBATCA out registers mius HyHKUUM,
BBbI3BaBLIEH JAHHYIO (T.€. JOCTYIIHBI BbI3BABLIEH (DYHKIMY U HE ZOCTYIHBI JIOO0H
dbyHKUMYU, BEI3BAHHOI JTAHHOIA)

32 peructpa ¢ nnasatowein Toukoii f0 - 31:
conepzKaT 3HaUeHue C asaomeil Toukoii (32 6ur). Jlobas napa fN, f(N+1) npu sernom
N moxer comepxarh manabie qumuON 64 Out (floating point double), mbas weTBepka
fN, f(N+1), f(N+2), f(N+3) mpu xparsom 4-m N MoxkeT comepKaTh JaHHbIE JIUHON 128
our (floating point quadre).

y (multiply/divide register):
COAEPXKUT CTAPINYID YaCTh NMPOU3BEACHUA (B UHCTPYKIUAX yMHO)KeHI/Iﬂ) nJjn CTAPIITYIO
4aCTh AEJIUMOIrOo (B UHCTPYKIUAX ,ILeJIeHI/IH); YUTACTCA Y 3allUCHhIBALTCA MHCTPYKOUAMU

RDY u WRY

Llenouncnennbie kopbl ycnosus icc (integer condition code):
siastiorest 9acThio PSR (Processor State Register), KOTOpbIit HE TOCTyIIEH NONB30BATEH-
CKOIi mporpamme Kak peructp. Kombl yejoBUsi yCTAHABIMBAIOTCS 1O PE3YIbTATY apudd-
METUYeCKUX onepaimii (eCju 3T0 yKA3aHO B UHCTPYKIUK) WU CHEUAJBHBIMA UHCTPYK-
IUAMHA U UCTHOJB3YIOTCA B KOMaHaX yCJIOBHOTO TIepexoia.

Ilonep>KUBaIOTCS CIEAYIONINE IBA PEXKUMA AJPECAIINH TAMSITH.

e anpec = rA+offset (Brimouas offset=0)

e anpec = rA+rB

rae 0003HAYEHO
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e rA, rA - POH 0...r31
e offset - 13-6ur cmemenue (3HAKOBO paCIIUpsieMoe)

Bce nacTpykumm (3a uckiouennem load/store) mmeror onepasapl B pErucTpax U nOTOMy pas-
Mep BCEX OIEPaHJ OB paBeH pasmepy cioBa (32 6ur). [logasisiomee GOMLIIMHCTBO MHCTPYKIMH —
TpeXOIepaH/IHbIE.

B 6osbminHCTBE apudMeTHIECKUX HHCTPYKIUN MOXKHO YCTAHOBUTH KOJBI YCJIOBHS iCC IO pe-
3yJIBTATY.

11.7. IIpomeccopsl Intel 80960x

IIporeccopsr Intel 80960x 3aHMMAOT 3HAYUTEIHHOE MECTO HA PHIHKE BCTPAUBAEMBIX KOMIIBIO-
TepoB. Ha ux 6a3e mocTpoeHo 3HAYUTEIHLHOE KOJIMYECTBO yIIPABJISIOMMX CUCTEM JJisi IIPUHTEPOB,
SCSI KOHTPOJLIIEPOB, CETEBBIX KOMMYTATOPOB.

11.7.1. OGmwmit 0630p

IIpormeccopsr Intel 80960x ObLIM CHIEUATBHO PA3PAOOTAHBI JjIsi BCTPAMBAEMBIX CUCTEM. ZBJIsi-
torcsi 32-6utHbivu RISC mponeccopamu ¢ wepramu, npucymumu CISC npomeccopam. Kax RISC
MIPOIECCOPBI UMEFOT:

® 3HAYUTENHbHOE IUCIO Perucrpos (32)
e apxurekTypy load/store

o (dbukcupoBaHHBIA (popMar MHCTPYKIMi (Bce MHCTPYKImHU, KpoMe load/store, umeror pasmep
4 Gaiira)

Kak CISC mporieccopbl UMEIOT:

® NEpEeMEeHHYIO [JIMHY MHCTPyKumii (MHCTpyKumu load/store mMoryr mmers nymHy 8 Gaiit, BCe
OCTAJIbHBIE UMEIOT JiuHy 4 6aiiTa)

® 3HAYUTEJIHLHOE YUCJIO PEKUMOB ajpecanuu namsaru (11)
CrnenuaibHO JIJIs CUCTEM PEeabHOTO BPEMEHH MMEIOT:

® BCTPOEHHBII MPOrPAMMUPYEMbBIil KOHTPOJLIED TPEPHIBAHU, MOIKJ/IIOYEHHBIN K 8-MU BHEITHIM
JIMHUSAM HpeprBaHI/IH

® BCTPOEHHBIE MOJNPOrPAMMbI (MUKPOKO/) JIJIsi aBTOMATHYECKOTO MEPEKJIIOUEHNsST KOHTEKCTA
IIPU IIPEPBIBAHUYI

e scrpoernoe O3V (o6brano 1K6) mis xpaHenus: TabIuibl TPEPHIBAHKI
® BCTPOEHHBIH K3 PETUCTPOB, YCKOPSIOMMN MEPEKITIOICHAE KOHTEKCTA
® BCTPOEHHBIE POrPAMMUDPYEMBIE Tafimepsl (psig Mojemneii)

IIpomeccopsr Intel 80960x ocobenuo 3dbdexkTrBHBI B npuIokKeHusx, Tpedyommx 00CIyKuBa-
HuA 60.TII>IHOFO KOJIN49eCTBa HpeprBa,HI/Iﬁ U nepeChblIKU 60.TII>IHI/IX O6"beMOB JaHHBIX, TaKHUX, KaK
obpaborka rpadudeckoil nHGOPMAINN U KOMMYHUKAIMOHHBIE 33Ja4H.

OcuoBHOI 0cObeHHOCTHIO IIponeccopoB Intel 80960x saBIseTCA MCIOIB30BAHIE ABTOMATHYIECKH
COXPAHSIEMBIX TIPU BHI30BE MPOLEAYD U MEPEKTIOYEHISTX KOHTEKCTa, HAOOPOB PErUCTPOB, YTO IIPUBO-
JUT K MAHUMW3AIUU 9UCIa oOpaiienuii K mamstu. B Kaxkabiit MOMEHT BpeMeHu (DYHKIHS MOXKET
nmeTh goctyn Kk 32 permcrpam: 16-tm global registers (g0 - gl5), o6mmx ayst Beex dyHKUmi, n
nabopy u3 16-tu local registers (10 - 115), qocrynubix ToabK0 370 dynkuuu. [Ipu BbI30BE TPOLE-
JyPbI TPOUCXOUT MEPEKTIOYEHIE HAOOPOB JIOKAJBHBIX PErUCTPOB, TAK, YTO BHI3BAHHAS (DYHKIHS
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11.7. IIpomeccopsr Intel 80960x

noJiydaeT HOBbIN Habop peructpos 10 - 115 u pazgensier perucrpst g0 - g5 ¢ Bhi3BaBIeii GHyHKIM-
eit. ITosromy B perucrpax gl - gl5 ymo6HO pa3Memars mapaMeTpsl /1Jisi BBI3BAHHON POy PbI, B
perucrpax 10 - 115 - jjokanbHbIE epeMenHble. BHyTpU mponeccopa ecrb K31l /1iJisi HADOPOB JIOKAJIb-
HBIX peructpos (00braHO Ha 4 HaGopa). Ecim rnyGuna BrokeHHOCTH QDYyHKIWIT TPEBBIIAET PA3ZMED
K3II1a, TO MPOLECCOP I'€HEPUPYET IPEPHIBAHUE U ONEPALMOHHAS CUCTEMA, TOJI2KHA, COXPAHUTH YaCTh
HaOOPOB perucTpoB B mamsaTu. OTMETHUM, 9TO CYIIECTBYET BO3MOXKHOCTH BBI3BATH (DYHKIHIO 0e3
MEPEKTI0YeHNsT HAOOPOB JIOKAJIBHBIX PETUCTPOB.

11.7.2. OcHOBHBIE 4jIeHBI ceMelicTBa

Kaxxaprit mporeccop B MPUBEIEHHBIX HUXKE TEXHUYECKUX JTAHHBIX 00JIaJaeT BCEMU BO3MOXKHO-
CTSIMU TPEIBIAYIUX MPOIECCOPOB JJisi 00ECIeYeHsT COBMECTUMOCTH.

i80960Kx (1988, 20 MHz, 7.5 MIPS):
e 32-6ur apxurekrypa ¢ 4Gb agpecHbIM POCTPAHCTBOM

o 32-6uT MyJIbTHILIEKCHPOBAHHASI IIUHA aJPECa U JAHHBIX, [TUHAMUYECKOE U3MEHEHUE
MIUPUHBI MUHBL (A1ANTUPYeTCs K 8-Mu, 16-T 1 32-x GuTHBIM 06MEHAM C BHEIIHIMU
ycTpoiicTBaMu)

e 512 GaiiT K311 MHCTPYKIWIA, 3arpy»kaemMblii 6i09HbIME repecklikamu (burst access)
e k3m kouTposLiep (y i80960KB)
e 16 robasibHbIX U 16 JIOKAJIBHBIX PECUCTPOB, K311 HA 4 HAOOPA JIOKAJIBHBIX PETUCTPOB
e register scoreboarding (cm. c. 58)
i80960Sx (1988, 16 MIPS):
e 16-OMT BHEIIHSIS IIAHA JAHHBIX
e lapBapackasi apxurekTypa: 512-6afiT K3 uHCTPYKImi + 256-6aiT K311 TAHHBIX
e Bcrpoennoe FPU npoussomurensuocrsio 0.5 MFlops (y i80960SB)
i80960Cx (600000 TpaH3ucTtopos, 33 MHz, 66 MIPS):
e 32-OWT IMIWHBI AJIPECa, W TAHHBIX
e 128 6GuTHBIE BHyTPEHHME IIUHBI JAHHBIX
e 2 WHCTPYKUUH 33 [MUKJI
o 1K6 k3m nHCTpYKUWMA
e Bcrpoennoe 1K6 O3Y
® yCTPONCTBO IPE/ICKAZAHUS IIEPEXO/IOB
e BCTpOeHHAs MOEpKKa 4-x kananos DMA (Direct Memory Access)
i80960Jx (1994, 50 MHz, 45 MIPS):
e ] UHCTPYKIUSA 32 HUKJI
¢ 8 HADOPOB JIOKAJIBHBIX PECUCTPOB

® BCTPOEHHBIH KOHTPOJLIED NIPEPBIBAHMN, BO3MOXKHOCTH YIPABJSTH KIIMPOBAHUEM
JUIs Pa3MeIIeHust TabJIuIbl IPePhIBaHui, 00pabOTINKOB IIPEPHIBAHMI U UX CTEKOB B
K3LIMpyeMoil obJiactu

o 4K6 xom uncrpykumit + 2K6 kom ganaex (y i80960JF)
e Bcrpoenuoe 1K6 O3Y

® 2 BCTPOEHHBIX TaliMepa

i80960Hx (1995, 75 MHz, 150 MIPS):
[ ] SJIeKTpI/I‘{eCKI/I U JIOTU49€eCKU (T.e. I10 HO2KKaM MI/IKpOCXeMbI U 110 I/ICHOJIHHeMOMy KO,ILy)
coMecTuM ¢ i80960Cx
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16K6 x3m uuctpykimii + 8K6 k31 qaHHBIX

32-6uT LIKHBI 3IPECa U JAHHBIX C IIOAAEP2KKOM KOHBEHEPHbBIX U OJIOYHBIX [IEPECHLIOK
06eCneYnBalOT IPOIMYCKHY0 crocobrocrs 160M6 /¢

e Bcrpoennoe 2K6 O3Y
e BCTpOeHHBIE 32-6uT TaiiMepbl
i80960RP (1996, 33 MHz):
e 32-6ut nponeccop, comepxxkamwmii siapo i80960JF
o oy iepKKa untepdeiicos ¢ aeyms mmHamu PCI
e npsimoit mocryn mexy muaavu PCI u jokasapHO# muHOM npoueccopa
® BCTPOEHHBIM KOHTPOJIJIED IIaMATH
e nommepkKa uaTepdeiica muubl IoC

e sHepronorpebsieHue menbine 3 Br

11.7.3. IIporpamMmMHasi MOJieJib
IIpukiaaHOM TpOrpaMmMe AOCTYIHBI CIEAYIOMINE PETUCTPHI.

32 uenouncnenHbix peructpa obuiero Hasnadenust (POH) r0 - r31:
cogepxar oo (32 6ur). Ilpu sToM

e napa rN, r(N+1) npu gernom N moxkeT cozep:karh JaHHbIE JIUHOM 64 GuT

e rpoiika rN, r(N+1), r(N+2) npu N, kparHOM 4, MOKET CONEPKATH JAHHBIE IJIMHOM
96 Our

e gerBepka rN, r(N+1), r(N+2), r(N+3) npu N, kparaom 4, MOXKeT COEPKATH JAHHBIE
AauHON 128 6ur

Han Takuvu onepangavu (mymmHO#H 6ostee 32 GUT) ONpeEIeHbl TOIBKO UWHCTPYKIUK I1e-
pecbuikm (load/store). Beinensor

g0 - glb:
a0 peructpol r0 — r15 (global registers); aBasiioTcs 00IMME 11t BCeX (DyHKIuMiA
(r.e. HE uBMeHsAIOTCs Ipu BbI3oBe byHkuwmii). Perucrp glb 3apesepBupoBaH B Ka-
9eCTBE yKa3arelisi TEKYIIEro CTeKOBOIO KaJpa (OH MCIOIb3yeTCs IIPOLECCOPOM,
KO3, Ha/I0 COXPAHUTH UJIA BOCCTAHOBUTH HAOOP JIOKAJIBHBIX PETUCTPOB).

[0 - 115: 370 perucrpst r16 — r31 (local registers); He mOCTYNHBI HU (DYHKIIUY, BHI3BABIIIE
JAHHYIO, HU (YHKIUSM, BbI3BaHHBbIM JaHHOU. IIpu BbI30Be (yHKIMU CcTapblit
HA0OP JIOKAJIbHBIX PErHMCTPOB COXPAHSIETCSl BO BHYTPEHHEM KO3IIle, U BbI3BAHHAS
dbyHKUMs m0/Ty4aeT HOBbIA HAOOP, B KOTOPOM:

10: COZIEPIKUT TIPEIBIAYINee 3HAYEHNE YKA3aTesi TEKYIEro CTEKOBOTO Ka-
npa

11 COZIEPXKUT yKA3aTEJIb CTEKY,

12: COZIEPKUT AJIPEC BO3BPATA

I3 - 115: 3HaYeHUs HE OMpPEIEsIeHbI

ip (instruction pointer register):
CONIEPKUT aapec TeKyieil MHCTPYKIimu. JIOCTymeH TONBKO MO YTEHUIO U MOXKeT ObITh
UCIONB30BaH Py GOPMUPOBAHAN AJIPECA.

Llenouncnentbie kogbl yoiosms icc (integer condition code):
siasiiorest gacTbio AC (Arithmetic Control Register), koTopsiii He moCTymeH nomb30Ba-
TeJILCKOH IpOrpaMMe Kak perucrp. Kojpl yeioBus yCTaHABIMBAIOTCS CIICNUAILHBIMY HH-
CTPYKIMSIMUA ¥ UCTIOIB3YIOTCS B KOMAHJAX yCIOBHOTO MEPEXOIa.
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Bce pexxumsbr agpecarnuu namsitu nporeccopos Intel 80960x moxkHO 3anucars OqHOM HOPMyYJIOi:
aIpec A4YelKn aMATh eCTh

base + index * scale + displacement

rje

base — 6a3oBbrit perucrp: r0 — r31, ip
e index — ungekcubiit peructp: r0 — r31 (orcyrcrByer, ecnu base ectb ip)

e scale — nenast koucranra 1, 2, 4, 8, 16

displacement — meorpunarensroe cvemenue 12 wimn 32 6ur (12 6uT cMeleHue MOXKHO HC-
HOJIb30BaTh TOJIBKO B pexkuMme base + displacement).

JIro6oit U3 3/1eMEeHTOB aapeca MOXKET OTCYTCTBOBATH (C OJHUM HUCKJIIOYEHUEM: €CJIM OTCYTCTBYET
index, To moyken orcyTcrBoBaTh U scale).

Bce nncTpykimn (3a uckiodenneM load/store) nMeroT onepaHbl B pETHCTPaxX U HOTOMY pas-
Mep BCEX OIEPaHJIOB paBeH pasmepy ciosa (32 6ur). [ogasnsiomee 6OJLIIMHCTBO MHCTPYKIMHA —
TPEXOEePAHIHbIE.

OrmeruM, 94TO 3TO € IMHCTBEHHBIN U3 PACCMATPUBAEMbIX HAMU [IPOLIECCOPOB, B KOTOPOM XKECTKO
(anmnapaTHO) 3aKpenJIeHo, YTO CTEK PacTeT BBepPX (OT CTApUIMX AJPECOB K MJIAJIIUM).

11.8. IIpoueccopst ARM
Ipoueccoper ARM, paspabarsisaembie dupmoit ARM (Advansed RISC Machines), urpasor

3Ha,‘{I/ITeJII)Hy}O POJIb Ha PBIHKE BCTPAUBACMbBIX CUCTEM, OCO6eHHO Ha PbIHKE€ MUHUATHOPHBIX CUCTEM,
COYETAINUX BBICOKHNE IITNKOBBIE Hany3KI/I C IJINTEJIbHBIMHU IIEPUOAAMU OZKUIAHUA (HaHpI/IMep, MO-
GunbubIE TENeOHbI).

11.8.1. OGmwmit 0630p

Kommamma ARM (Advansed RISC Machines) 6puta ocaoBana B HOsOpe 1990 roma dbupmamu

e Acorn Computers (uadopMamoHHble TEXHOIOrUA Jjisi 00pa3oBanus, Benukobpuranus)

e Apple Computers

e VLSI Technology

OCHOBHO# 1eJIBI0 KOMIIAHUU SIBJISIETCS Pa3pabOTKA MUKPOIIPOLECCOPHBIX SIJIEP U UX JIMLIEH3UPO-
BaHWE MUPOKOMY KpPyTy mpomssomurenedi. B cmry mamoctm mponeccoproro simpa ARM (scero
35000 Tpansucropos B 6a30BoM sape ARMT) oHO umeabHO TOAXONUT JJisi HHTETPALUN B CIIEIY-
aym3upoBaHHbie MUKpocxeMbl norpeburesneii. ARM Design Service Group mocrossHHO paboTaer ¢
napraepavu, obecneunBas ARM skcnepruzy OEM nmoTpebuTtesisiM, KeJIAOIUM UMETH BCTPOCHHBIE
B MUKPOCXeMbI pelienusi Ha, OCHOBe simep ARM.

B nacrositee Bpems ciienyoomue Komnanuu jien3uposain ARM v npousBoggaT MUKPOCXEMbI
HA, €ro OCHOBE:

1. VLSI Technology

2. Texas Instruments (TT)

3. Samsung Corporation

4. NEC Corporation

5. GEC Plessey Semiconductors (GPS)
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6. Cirrus Logic

7. Digital Equipment Corporation

8. Symbios Logic

9. Sharp Corporation

10. Asahi Kasai Microsystems (AKM)
11. European Silicon Structures (ES2)
12. Lucky Goldstar Corporation

13. Intel Corporation

14. IBM Corporation

Ha ocaose ARM siapa paspaborano 6osee 30 MUKPOIPOLIECCOPOB U CIIENMAIN3NPOBAHHBIX MAKPO-
cxeM. OHU HAXOISAT MPUMEHEHUE B COTOBBIX TejiepOHAX, OpraHaiizepax, MOJeMax, rpaduIecKux
YCKOpUTENSIX, BUIEO(POHAX, KaMepax, TeaeOHHBIX KOMMYTATOPAX, UIPOBBIX IIPUCTABKAX, IMCKO-
BbIX HaKOHHTe.HHX, BbICOKOHpOI/IBBO,ﬂI/ITeJIbeIX pa60'-11/1x CTa,HI_[I/IﬂX, aBTOMO6I/I.HbeIX HaBUTAIIUOH-
HBIX cucreMax, uudpPOBbIX JEKOJEPax, sSmart kaprax, Ja3epHbIX IPUHTEPAX.

OCHOBHBIE OTJIMYUTEJILHBIE YePThI apxuTekTyphl ARM:

1. Bce vHCTPYKIMU SABJISIIOTCS YCIOBHBIMHU (T.€. BBIIOJHSIOTCS, TOJIBKO €CJIU KOJI, YCJIOBUSL COB-
NAAeT C KOJOM, YKA3AHHBIM B MHCTPYKIAHN). JTO MO3BOJSET YBEJIWIATH IUIOTHOCTD KOJAA W
YMEHbBIIUTh MOTPEOHOCTh B MHCTPYKIMsiX Oau3koro nepexona. Kak cieincrsue, HET OTAelb-
HBIX KOMAaHJ, YCJIOBHOI'O II€PEX0a.

2. Bce nenounciiennble apudMeTnyiecKkre HHCTPYKIMHA MOTYT BBITOIHSITE OMEPAIUIO CABUTA HAT
OTIepaHaMM 33 TOT XK€ I[UKJI, YTO BBITOJHSIETCS U caMa MHCTPyKuwms. Kak cieacTsue, HET
OTJIeJIbHBIX KOMAHJ, CABUTA.

3. Her uemouncieHHol HHCTPYKITUH JIeJICHUS.
4. Bo3MmoxHOCTD BBINOIHATL DSP-1ono6ubie hyHKImu:
a) OPUCYTCTBYIOT WHCTPYKLIUM YMHOXKEHWsI ¥ YMHOXKeHus CO ciaoxkenuem (multiply-

accumulate (MLA))

6) NPUCYTCTBYIOT MHCTPYKIWMHU OJIOYHOTO ITEHUS W3 MAMSTH W OJIOIHON 3aNMCH B IAMSTH,
ITO3BOJISIIONINE [IEPECIaTh JII000e MOAMHOXKECTBO M3 16-TH PEerncTpoB OOLIero Ha3Haue-
HUSI.

5. Hekoropsre mogenn moryTr paborars B tak HasbiBaeMoM THUMB pexuwme: mHCTpYKIMN
KOIUPYIOTCst 16-10 OuramMu BMECTO 32-X. DTO 3HAYUTEIHLHO YBEJIUIUBAET INIOTHOCTD KOJIA, HO
HAKJIAIbIBAET PsiJl OTPAHUYEHUN HA CHUCTEMY KOMAH/I:

a) MOJIHOUEHHO JOCTYIHBI TOJBKO 8 PErucTpoB u3 16-Tu, OCTAJbHBIE MOIYT OrPAHUYEHHO
UCIIOJIb30BATHCsl TOJILKO B HEKOTOPBIX MHCTPYKuusax (Hanpumep, MOV, ADD u CMP);

6) He MOJIEeP’KUBAETCS YCJIOBHOE UCIIOJHEHUE MHCTPYKIM, KAK CJIEACTBUE, TIOSBUIACH HO-
Bas MHCTPYKLKSA yCJIOBHOI'O NIEPEX0a;

B) HE MOJJIEPXKUBAETCS ONMEPAIMS CABUIA HAJ, ONMEPAHIAMU B LEJIOYUCIEHHBIX apudmern-
YeCKUX MHCTPYKIUAX, KaK CJIEJCTBUE, OABUINCH HOBble NHCTPYKIIUU C/IBUTA;

r) BCE MHCTPYKLUK JBYXONEPAHIHbIE (& HE TPEXOIMEPAHIHBIE KAK B OOBIYHOM DEXXUME).
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11.8.2. OcHOBHBIE 4JjIeHBI ceMelicTBa

Kazk 111 1po1eccop B IPUBEIEHHBIX HUXKE TEXHUYECKUX JAHHBLIX B-OCHOBHOM 00JI/IaeT BCeMHU

BO3MOXKHOCTSIMH [IPEALLAYIIKUX IIPOLECCOPOB il 00ECIeYeHrsE COBMECTUMOCTH.

ARM1: TIIpororum, uCmosb30BaAJICS TOJIBKO B TECTOBBIX CHCTEMAX

ARM2 (8 MHz, 4.7 MIPS):
64K6 ampecHoe mpoCTpaHCTBO

ARMS3 (33 MHz, 18 MIPS):
o ARM2 siipo

e 4K0 enuHbBIN K311
e yHTEpPdEC COIPOLEcCcopa

e j06aBsena HoBas uHCTpyKims SWP s paborst ¢ cemadopamu

ARMS6 (36000 Tpansuctopos, 33 MHz, 28 MIPS):
e AT'6 azpecHoe NpPOCTPAHCTBO

e bi-endian (big- u little-endian nopsimok GaiiTos)
e mHTEPdEIC COMPOIECcCcopa

ARMG600:
ARMSG6 co Bcrpoerabiv MMU

ARM?7 (35000 TpaH3ucTopos):
o ARMG6 sipo, cnocobuoe paboTaTh HA MOBBIMIEHHON 4aCTOTe

e 3-X CTaUiiHBLIN KOHBEWEpP

® YIIyHIIEHHAS MHCTPYKIWs ANMAPATHOrO yMHOXKeHus (HykHa aiusa paborer DSP)

ARM7D:
ARMY7 ¢ nognepxKKoi oTaaaKu

ARM7DM:
ARMYT7D ¢ yaydIneHHBIM yMHOXKEHAEM

ARM7DMI (40 MIPS):
ARM7DM c ICEbreaker (Bcrpoennas nogaepxkka In Circuit Emulation)

ARM70DM:
ARMT7DMI (kak OoTheibHAsT MEKPOCXEMA)

ARM700 (40 MHz, 36 MIPS):
o ARMTY sapo

e 4K06 enuHbBIN K311
e writeback buffer

e BCcTpoenHoe MMU

ARM7500:
o ARMY sapo

o 8K06 eauHbIi K31

e writeback buffer

e BcTpoennoe MMU
e Bcrpoenssiii IOMD

® BCTPOEHHBII BUIEOTPOIECCOD
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ARM7Txx:
ARMT7xx (XX - OZHO U3 NPUBEJEHHBIX BbIlIe codeTanuii) ¢ nopaep:xkkoii THUMB pexunma

ARMB (80 MHz, 80 MIPS):
o coBmectum ¢ ARM6 u ARM7
® 5-TU CTaOUUHBIN KOHBelep
® CIEKYJISITUBHOE UCIIOJHEHVE
StrongARM (SA110: 100 MHz, 115 MIPS; 200 MHz, 230 MIPS):
e BBICOKOCKOpOCTHO# BapuanT ARM sinpa, paspaboran coBmectHo ARM 1td u Digital
e 16K06 ko uncrpykumit + 16K6 kam manabix (FapBapackas apXuTekTypa)
e rybokuit KOHBeiep
® TI0JIHASI COBMECTUMOCTD KOJIa He rapaHTHUPYETCs B CHUJIY TOSIBJIEHHUs IIIyOOKOTO KOH-

Beliepa U pa3ieIbHOrO KIIIa,

AMULET2e (40 MIPS):
e 310 acunxponnas sepcuss ARM6, 6onee OeicTpasi, wem ARM7, O Gostee meienHas,
uyem ARMS

e 150 mW B aktuBHOM cocrostaum, 0.1 mW B cocrosiHumu OxKumaHust

e Mayioe MOTpeOJIeHNe MOIMHOCTA U MEXAaHW3M WCIOJb30BAHUSI JHEPIUU JEJIAK0T
AMULET2e nmeabHbIM IPOLECCOPOM IJIsl IPUIOKEHMIA, TIe IEPUOIbI BEICOKOM BbI-
YUCAUTENbHONR HAPY3KKU COYETAIOTCS C JIJIMTEIbHBIMU IIEPUOAAMU OKUIAHKUS BBOZA

11.8.3. IIporpamMmMHasi MOJieJib
IIpukiaaHOi IPOrpamMme HOCTYIIHBI

16 yenouncnenHbix pernctpos obuero HasHauveHnst (POH) r0 - r15:
comepxar cioBo (32 6ut). HekoTopsIe u3 3TUX PEruCTPOB UMEIOT CHENUATIBHOE HAZHATE-
HUE:

r15 - program counter (pc):
COZIEPIKUT ATPEC MHCTPYKIWMHU, HAXOASIIEHCS Yepe3 [Be MHCTPYKIUM OT HUCIIOJ-
HSIEMO# B JIAHHBIH MOMEHT (T.€. 3Ipec TeKyIIeil MHCTPYKIUA + 8; Ipu 3amucH B
STOT PEruCTp MPOUCXOAUT TIEPEXOJ TIO 3AMUCAHHOMY aIPECy

r14 - link register (Ir):
nociie uacrpykuuu Branch and Link (BL) (Bb30B (hyHKIUM) COREPKUT aapec
cIleyromeil MHCTPYKIuK (aJpec BO3BPaTa); BO BCEX OCTAIBHBIX MHCTPYKIUSX
310 06bruHbIl POH

Kogb! ycnosus cc (condition code):
sisnstiorcst yacrbio CPSR (Current Program Status Register), koTopbiii He J0CTyI€H TT0JIb-
30BaTEIHLCKON MpOrpaMMe Kak peructp. Koabl yCioBusi yCTaHABINBAIOTCS 110 PE3YIHTATY
apudMeTHIeCcKux onepanuil (ecau 3T0 yKa3aHO B MHCTPYKIWU) WA CHENUAJIbHBIMA WH-
CTPYKIOUAMU U UCIHOJB3YIOTCA IJId OIIPpeOeJIeHUA TOTO, HY?KHO JIXM UCIIOJIHATH TEKYILYIO
MHCTPYKIMIO (HAOMHWM, BCE MHCTPYKIWHU SIBJISIIOTCS YCJIOBHBIMH).

IonnepxkuBarOTCs CIEAYIOMME PEKUMBI AIPECAIIAN TTAMSITH.

Ons utenuns/3anuck cnoea (32 6ut) nnn bessHakosoro baiiTa:
UMEETCsI O/INH PEXKUM aIpecanun

6a30BbIil perncTp £ cMmelleHne
rae 6a3oBbliii peructp — oguna u3 POH rQ — r15, a cmelueHne MOXeT umMerhb Tpu BUAA:

® KOHCTaHTa — 12-0uTHAasA KOHCTaHTA
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e peructp — omun u3 POH rQ — r15
e (permctp <onepauus> KOHCTaHTA) TIe

— peructp — ogun u3 POH r0 — r15,
— <onepauusi> — OJHa U3 CJIEAYIOIUX OMEPAIi CIBUTA
LSL: Logical Shift Left, cqsur BieBo, BABUTAIOTCS HYJIU
LSR: Logical Shift Right, cipur BupaBo, BABUraloTCs: HyJIu
ASR: Arithmetic Shift Right, casur BmpaBo, BABUraeTCst 3HAKOBBINM PA3PsiJ
OIIEPaH/IA PErncTp
ROR:  ROtate Right, mukmmaeckuit ¢aBur BIpaBo
RRX:  ROtate Right with eXtend nuxingeckunit cnsur Bopaso 33-x OuTHOM
Besmuubbl (<6WT nepexoca>, peructp) Ha 1, mpasbrii onepany (T.e.
KOHCTaHTa) JOJIKEH OTCYTCTBOBATH
— KOHCTaHTa — 5-OMT KOHCTAHTA, 331a0UIAsl 9UCJIO CIBATOB

Kaxpiilt u3 Tpex BUAOB PEKUMA AAPECAIMA WMEET TPH BAPMAHTA (YTO JAeT JEBATb
DEKMMOB aJPECAIIUHN):

® OOBIYHBIH, apec ecTb CyMMa 0A30BOr0 PETUCTPA U CMEIEHUST

® C IpemMHJAEeKNPOBAHUEM, a/IPeC eCTh CyMMa 6A30BOr0 PErUCTPA U CMEIIEHNUs, €CIIN
MHCTPYKIMsI YTEHNsI /3aIUCH BBINOIHEHA (yI0BIETBOPEH ee KOJ| YCIOBHsI), TO aJIpec
3aNMCHIBAETCS B 0A30BbIN PErUCTD

® C MOCTHHIEKCHUPOBAHMUEM, 3PEC €CTb OA30BbIM PErucTp, €CNM MHCTPYKIUs ITe-
HI/ISI/33,HI/ICI/I BBITIOTHEHA, TO CyMMa, 6a3OBOFO perucCrpa m CMEIeHUsA 3allUChIBACTCA
B 0a30BBIi PErUCTP

[Ons ytenus/3anucn nonycnosa (16 6ut) nam YteHns 3Hakosoro baiita:
(ectb TonbKO B apxurekType ARM4 u Bbliie) uMeeTCs: ONUH PEXKUM aApecaryuu

6a30BblIil permcTp £ KOHCTaHTa

rae basoewiii permctp — ogue u3 POH r0 — r15, a kouctaHta — 8-OMTHAsST KOHCTAHTA.
DTOT peXKkuMa aJpecalun uMeer TPpYU BapuaHTa: OOBIYHBIN, ¢ MpenHAeKNPOBaHUEM
" C IOCTUHJAEKCUPDOBaHUEM.

Bce unCcTpyKIMU uMeIOT moJjie Koza yciaosus (4 6ura). Eciu rekyniee cocrosinue (hyiaros B peru-
crpe CPSR coBmazmaer ¢ yka3aHHBIM B II0JI€ KOJIA TEKYIEH HHCTPYKIIUH, TO OHA OYeT BBIOJTHEHA,
MHAYE - [POIYIIEHA.

Bce uncrpykuumu (3a uckmouenuem load /store) mmeror onepanapl B pErucTpax u HOTOMy pasMep
BCEX ONEPAH/IOB PABEH pa3mepy cioBa (32 6ur).

Bce apudmernyueckue uHCTpyKuuu (BKJIIOYAsi JIOTUYECKUE) UMEIOT OUT, DU YCTAHOBKE KOTO-
POro 1o pe3yJbTaTy Omepanuu OyIyT BHICTABJIEHBI KOJbI YCIOBHUSI.

OmymmuurenbHoil ocobennocTbio nporeccopoB ARM siBisiercst 1o, 9ro BCe apudmerndeckue
UHCTPYKIUY (BKJIIOYAs JIOTUYECKUE) MOTYT WCIOJb30BATH B KAYECTBE OJHOIO M3 ONEPAHIOB TaK
Ha3bIBaeMsbri <shifter operand>, koTopsrit MoXkeT nMeTH OfHY U3 CiaeLyOmuX (HopM.

<immediate>:
<shifter _operand> = <immediate>, rme <immediate> — 32 6uT KOHCTAHTA, B KOTOPOit
TOJIBKO B KAKUX-TO 8-MU MOAPSI UAYIIUX TIO3UIUSX MOTYT ObITH HE HYJIU, HOMEDP MEPBOM
[IO3UIUH JIOJIPKEH OBITh Y€THBIM; KOJUPYETCsl B MHCTPYKIUU KAaK 8-Mu OUTHAsI KOHCTAHTA
<8 bit_immediate> u 4-x GurHbiil cuBur <rotate imm>, upu srom <shifter operand>
= <8 bit_immediate> Rotate Right (<rotate imm> * 2)

rA: <shifter operand> = rA, rzne rA — ogun u3 POH r0 - r15
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rA <shift> <shift_imm>:
<shifter operand> = rA <shift> <shift _imm>, rue <shift> ecrs ogna u3 onepauwmii
LSL: Logical Shift Left, casur BjieBo, BABUTAIOTCS HyJIU
LSR: Logical Shift Right, casur Bupaso, BaBuratorcst HyJIu
ASR: Arithmetic Shift Right, casur BupaBo, BaBuraercst 3HaKOBbIM pa3psi rA

ROR:  ROtate Right, uukinueckuit casur Bupaso

RRX: ROtate Right with eXtend muknuyeckuit casur BnpaBo 33-x OUTHON BesUYIu-
ubl (<6UT nepeHoca>, rA) ua 1, npasbiil onepang (T.e. <shift _imm>) momxen
OTCYTCTBOBaTh

<shift_imm> - 5-Tu GurHAst KOHCTaHTA

rA <shift> rB:
<shifter operand> = rA <shift> rB, rue <shift> ecrs ogna u3 onucanubix Bbie onepa-
umit, <shift _imm> - 5-tu Gurnasi koucranTa

Ormerum, 94T0 1IpU UCHONBL30BaHUU nocjaeHeil hbopmbr <shifter operand> rpexounepanynast apud-
MEeTUYECKasT UHCTPYKIUS PEAJIbHO UCTIOJIB3YeT 4 perucrpa.

12. ApxuTeKTypa CUCTEMHOM HIMHBI

CucremHasi 1mHa, 00ECNIEUYMBAET B3AUMOIEHCTBUE MPOIECCOPA U MepudEpUdHbIX yCTPONCTB.
TlockombKy 9acTO OCHOBHOM 33/a4eil CHCTEMbl PEAJIbHOIO BPEMEHU SIBJISIETCS YIPABJIEHUE TEM
WM WHBIM 0DOPYIOBAHWEM, TO Ka4€CTBY CUCTEMHOU IMUHBI JJisl MPOMBIIIJIEHHBIX KOMITBIOTEPOB
yIeJeTCs IOBBIIIEHHOe BHUMAHHUE.

B HacTONBHBIX KOMIBIOTEPAX YU IPOMBIIIIEHHBIX CHCTEMAX PACIPOCTPAHEHBI CJIEAyIONue CH-
CTE€MHBIE ITUHBI.

CpaBHEHI/Ie CHUCTEMHBIX IIINH

HasBaHue mmHBI IIpounsBoauTenbHocTh M6 /C
PC/XT (8 6ur) 4.7
PC/AT (16 Gur) 16.66
MULTIBUS 1 24
EISA 33
VME32 40
MCA32 33
MULTIBUS 2 70
VMEG64 80
NUBUS 80
PCI32 132
VLB32 135
MCAG64 160
AUTOBAHN 1 200
PCI64 264
AUTOBAHN 2 400
PCI64-66 528
FUTUREBUS+ 1000

OrmeTnM, 9TO TpU BHIOOPE IIHUHBI YACTO MPUXOIAUTCS PYKOBOIACTBOBATHCS HE TOJBKO €€ MIPOn3-
BOAMTEJLHOCTHIO, & M TAKUMU (haKTOpaMu, KaK HaJIu4ue nepudepuitnoro obopy1oBanus s Hee,
BO3MOXKHOCTb “ropsiueii” (T.e. 6€3 BBIKJIIOUEHMs] KOMIIBIOTEPA) 3aMeHbl 000DPY/I0BAHUSI HA LIMHE U
T.21. MBI PACCMOTPUM TOCIIOJICTBYIONIYIO B HACTOSIIIEE BPEMSI CPEJM IIPOMBIIIIIEHHBIX CUCTEM IITHHY
VME, a Takske npuobpeTaomny Bce 60binyto momy sspaocts mury PCL.
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12.1. Apxurekrypa muasl VME

Cranpapr va muny VME nosiBusics B 1981r., korna dupmer Motorola, Mostek u Signetics goro-
BOPHJINCH 00 eIMHOM CTaHJApTe Ha IIUHY JJIs IPOMBIIIJIEHHBIX CHCTeM. B OCHOBY 3a/1eKTpuyecKoit
cnenudUKAIIH MUHBI ObUT TOJI0XKeH ctanaapT Ha muHy VERSAbus dupmbr Motorola, a B 0OCHOBY
MeXaHW4eCcKoi cueruduranuu — cragapr Eurocard koHcopumyma eBponeiickux komnanwmii. Ho-
Boiit crangapr 6wt HazBan VERSAmodule Eurocard, cokpamenno VME. Oxuako, Bce KoMnanuu,
kpome Motorola, orkazanuce pacumdpossiBar VME kak “VERSAmodule Eurocard”, mockosbky
“VERSAmodule” siByisiercst 3aperucTpupoBasHOil TOproeoit mapkoii Motorola. Ilostomy B HacTosi-
1ee Bpems cuutaercs, 4to Tepmu “VME” siBistercst equabiM 0003HadMeHNEM, a He aOO6peBHUATYPOIA.
Ha mmmay VME cymecryer cranpapr IEEE 1014-1987.

IInara munasr VME Moxker ObITb OAMHAPHOMN Wik ABOMHON BLICOTHL. 11818 OQMHAPHON BBICOTHI
(nmu 3U) umeer paszmepst 100mm X 160MM u oy 96 korTakTHBI pasbem DIN 41612, HazbiBaeMblii
P1. Ilnara asoiinoii seicorsl (wmu 6U) umeer pazmepst 233mm X 160MM u BTOpOit 96 KOHTAKTHBII
paseem DIN 41612, na3siBaemsbrii P2. Jlunesas cropona miarer umeer mupuny 20mm. Ilnarsr pas-
HOr'O pa3Mepa MOI'yT paboTaTh COBMECTHO B OJHOM CHCTEME.

Ha mmre VME moxer 6bith 710 21 pazbema. [Iutanue Ha miaThl NOJaeTcst Yepe3 pa3beMbl
IITUHBI.

OcCHOBHBIE XaPAKTEPUCTUKY [IUHBL.

e VME siBisiercsi aCHHXPOHHON IIUHOMA.

e VME wucnons3yer uer0 moaHOro 0TOOPArXKEHUsT HA MaMsTh. Kaxk/10e yCTpOMCTBO MpPeICTaB-
JIAeTCA KaK aJpeC maMATU UJIW TPyNna aapecoB.

e VME uwmeer paszaesbHbIE IMUHBI aApeca W MAHHBIX. [l1aTa OAMHAPHON BBICOTHI MMeET 24-
OMTHYIO MIUHY aapeca u 16-Tu OUTHYIO MKUHY JTaHHBIX, IJIATA JBORHOM BBICOTHI — 32-OUTHBIE
LIVHBI 3peca U JAHHBIX.

e B03MOKHOCTB 6JI0YHBIX IIEPECHLIOK, KOIZA aIpecC 3a43€TCs TOJIbKO OJUH Pa3.
o ITonmeprkka MyIBTUIIPOIIECCOPHOCTH:

— MIPUOPUTETHBIN JOCTYN K Pa3JIesieMbIM PECypcaM

— BO3MO2KHOCTH MAPAJIJICJIBHOTO NI UCKJAIOYUTE/ILHOIO AOCTYIIA K PAa3AeadeMbIM pecCyp-
CcaM

— 4 ypoBHA IOCTyTa
— CIpyKTypa gocryma master/slave

— 3aIIUTA Pa3JelIgseMbIX PECypPCOB IIOCPEICTBOM HEEJMMBbIX IVKJIOB IIAHbI
e 7 yPOBHEI 3a1IpOCa, IPEPHIBAHUN

Tunuanbit 06MeH 10 KMHE COCTOUT U3 UUKJIA APTOUTPAXKa (/I MOy 9eHMsl OCTYIA K IIUHE),
aJPECHOrO LMKJIA, (71 BBIOOPKK yCTPOMCTBA), UKJIA PEAJIbHONO OOMEH] JAHHBIMHU.
IITuna VME kak Obl cocTouT U3 4-X IOIIIKH.

1. ITTuHa apbuTparka OTBEYAELT 33 ONpEJeseHNe MPUOPUTETA 3aIPOCa U PA3/IEIEHUe IIIWHBI.
B kauecTBe apbuTpa BBHICTYMAET IJIATA, HAXOASIIAsICA B pa3dbeme 1 muubl VME.

2. ITTura o6MeHa JaHHBIMHU BKJIIOYAET

e IIMHY JAHHBIX, 10 KOTOPO BO3MOXKHBI 0OMeHBI pa3MepoM 8/16/32 Gur
e IIMHY ajpeca, 0 KOTOPOi BO3MOXKHBI 0OMeHbI pa3mepoM 16/24 /32 Gur

® YIIPABJISIOIILYIO IIIUHY, 10 KOTOPO IEPEIAI0TCS PA3MEDHI aIPECa, U TaHHBIX, TUI 00OMEHa,
(uTeHue WIu 3anKCh), IPU3HAK OKOHYAHWs O0OMEHA, MPU3HAK OIIUOKU U T.1I.
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3. IITuna ynpaBjeHNUsi TPePHIBAHNUSIMIU OTBEYAET 33 MPUOPUTETHOE YIIPABJIEHUE TPEPHIBA-
HUSIMA

4. Cay>KebOHasl IIIMHA OTBEYALT 33, MOIa4y HANpsizkeHwit nuranus +5B, -12B, +12B ua miarsr,
rH(MOPMUPOBAHNE TOCIEIHUX O MPOOIEMAX C MATAHWEM, TOJAYY MEPUOIUIECKOrO CATHAJIA,
VHUIMAIN3AIMIO ¥ COPOC IUHBI.

Baiounblil pexkuM 103BOJIET HEepesarb g0 256 6alToB 10 LIMHE AAHHBLIX, OJHOKPATHO 33/3B
aapec Ha muHe auapeca. CjenoBare/bHO, MIMHA aPeCa HEUCIIOIb3yeTCs OOJIbILYI0 YaCTh BPEMEHU
obmena. Cranmapr VMEG64 onpenessier 64-OuTHble mepenadn 33 CYET HE HCIOIB3YEMOU IMHUHBI
azpeca: MJIAAIIasi 9acTh 64-O0MTHOTrO OJIOKA MMEepemIaeTCs MO IINHE JAHHBIX, & CTAPINAs J9acTh — I10
OPOCTAVBAIOUIEN IITUHE apeCa.

12.2. Apxurekrypa munsl PCI

IMTuna PCI (Peripheral Components Interconnect) mosiBunace kak craamapt ¢bupwmer Intel ma
COeNIMHEHVE JIOKAJILHONW MIMHBI TPONECcopa (COeMUHSIOMENR ero ¢ mamsThio) u nepudepuiiHbx
ycrpoiicrs. B 1992r. nosiBusiace Bepcusi 1 crangapra, a B 1993r. — Bepcust 2. B 1995r. nmosiBuit-
cs cragmapt Ha pacimpenre PCI-66MHz.

OCHOBHBIE XaPAKTEPUCTUKHY IITUHBI.

e PCI saBjsiercs CHHXPOHHOM MUHOM, YacToTa cunxponusanuu 33MHz wiu 66 MHz.
e PCI ucnonb3yer Tpu aJpecHbIX MPOCTPAHCTBA:

1. mpocTpaHCTBO MaMATH
2. IpPOCTPaHCTBO BBOAA/BHIBOAA

3. MPOCTPaHCTBO PETNCTPOB KOHQUTYpAIAU
e PCI umeer My IbTUILIEKCUPOBAHHYIO IIUHY 3PECA W TAHHBIX pasMepom 32 6ut wuiu 64 Our.
e BosmozkuoCTh nogkaoyenus g0 256 mmua PCI

e TTapasenbHas pabOTa PA3TUIHBIX IIIMH

Bydepuzauus oomenos

IIpoTokon KoHdUrypaIu yCTPOUCTB
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